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ABSTRACT 
This study examines the engineering aspects of a mechanised mining 
programme to economically mine the quartz reef structures found on the 
Bendigo goldfield. 
The work examines the location, size, shape and pitch of ore bodies which 
have historically been discovered. It examines the style, distribution and 
grade of gold mineralisation within the quartz. Until the physical 
characteristics of the ore are known and understood, the design of the 
stoping method cannot be successfully carried out. 
The goldfield is scrutinised to establish the most likely target areas for 
further development. The central part of the field is revealed as having been 
by far the most productive, warranting further work at depth. 
An examination is performed on a number of previous plans for 
mechanised mining of the auriferous structures of the Bendigo field and a 
critical analysis is given of these plans. 
An investigation is made of the relative merits between shafts and declines 
to reach the desired target depth in excess of 1000 metres. 
The work outlines the physical limitations imposed on the operator who 
attempts to carry out deep exploration and mining beneath the residential 
and commercial parts of a modern Central Victorian city. 
A number of different mining methods are examined in light of the physical 
characteristics of the ore bodies. Most suffer from either low productivity in 
the stope or excessive development requirements for the tonnage mined. 
Mechanised cut and fill mining is determined to best suit the different sizes, 
shapes and inclinations of ore bodies typically found on the field. 
A full mining proposal including scheduling, development and extraction is 
then outlined. 
A full costing is performed on the proposal and a break even grade in the 
stope is then determined. The project is analysed by Net Present Value 
methods. The results of this calculation are tabulated against the grade of 
the ore to be mined and gold price to determine what would be a payable 
grade of ore for a number of Discount Rates. 
A final break even grade of 11.7 grams per tonne of ore treated per annum 
is determined. This would be at a gold price of $A 17.50 per gram, mining 
96,228 tonnes per annum and at a discount rate of 12%. Variations of any 
of the factors will affect the break even grade. 
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1. I N T R O D U C T I O N 
Future developers of underground mines on the Bendigo goldfield will need 
to understand the unique geology and gold occurrence of this field. The 
development and stoping systems employed will be primarily designed 
around these unique features. Modern techniques and equipment used in 
narrow vein mining will be applicable to the mining method. 
The purpose of this work is to propose a mechanised mining plan 
applicable to the Bendigo goldfield. It will take account of the structural, 
mineralogical and geological features of the field as well as the known 
historical occurrences of the type of gold deposition in the ore bodies. The 
work will then propose a comprehensive scheme for the development and 
mining of ore bodies typical to the Bendigo field. 
Mechanisation has significantly altered the way in which underground 
mines operate and the economics of gold production. 
The Bendigo goldfield has produced virtually no gold in the past forty years. 
W h e n the last mines closed in Bendigo, techniques which were developed 
in the latter part of the nineteenth century were still being used to mine and 
treat the ore. 
In the gold boom of the 1980's, whilst many millions of dollars were spent, 
no production came from what still is historically the second most 
productive goldfield in this country. 
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In the later 1980's, one major company walked away from Bendigo after 
spending in excess of twenty million dollars and producing no gold 
whatsoever. They were unable to define an ore body even after thousands 
of metres of diamond drilling, the re-opening of three shafts and several 
thousand metres of driving. 
While it is well beyond the scope of this work to provide all of the answers 
to re-opening the Bendigo field, it is the purpose of this work to attempt to 
provide a proper understanding of the unique geological characteristics, 
examine a number of the problems which will face a future gold producer 
on the field and provide a viable mechanised mining plan for the working 
of these unusual ore bodies. 
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2. THE BENDIGO GOLDFIELD - THE GEOLOGICAL 
ENVIRONMENT. 
While it is not within the scope of this work to produce a detailed geological 
assessment of the Bendigo goldfield, it is essential to have a general 
understanding of the geological environment. 
More specifically, the geological conditions which affect the overall design 
of the mining methods need to be considered. These conditions include 
matters affecting the size and shape of the orebodies, the grade and the 
distribution of gold within these orebodies. 
The Bendigo goldfield is made up of Lower Ordovician turbidite sandstone 
and mudstone sequences, 3000 m. thick1. 
The Ordovician sediments are in a detached East vergent fold and thrust 
zone bounded in the East by the Avoca Fault and in the West by the 
Heathcote Fault. Figure 1 illustrates the regional geology in which the 
Bendigo goldfield is situated. 
The whole area has been subject to Devonian plutonic activity overlaying 
the Southern end of the field with Late Devonian Harcourt granodiorite. This 
1Willman, C E. and Wilkinson, H. E. The Bendigo Goldfield Melbourne: Geological Survey Report No. 
93. Department of Manufacturing and Industry Development, 1992. p. 11. 
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Figure 1 Regional Geological Structure surrounding the Bendigo goldfield. (After Willman and Wilkinson) 
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activity led to low grade metamorphism altering the mudstone to slate. At 
a later stage the plutonic activity was responsible for the extrusion of the 
dykes along the hinge zones of the folded sediments.2 The area is 
occasionally overlain with Tertiary gravels and sediments. 
The actual Bendigo goldfield lies between two secondary regional faults, 
the Sebastian fault to the West and the Whitelaw fault in the East. There 
are a number of other secondary faults within the goldfield itself as well as 
many third order localised strike, reverse and bedding faults. There are 
moderately strong, flat west dipping thrust faults lying along the west 
dipping anticlinal beds and cutting across the eastern beds around the 
hinge. Figure 2 illustrates the general environment of the Bendigo Goldfield 
showing the two major faults bounding the area East and West as well as 
the smaller strike faults. The anticlines are generally described. The 
proximity of the built up areas of the city to the former gold producing areas 
can also be clearly seen. 
The sediments have been subject to major lateral thrust forces which have 
resulted in a series of relatively tight folds. This has created a series of 
anticlines and synclines with a strike 20 degrees West of North with their 
axial planes steeply dipping East. Within the central area of the Bendigo 
goldfield, the amplitude of anticline/syncline structure is approximately 400 
metres and a frequency of 150 to 200 metres between anticlines. 
In addition to the transverse folding forces producing the anticline/syncline 
structures, smaller folding pressures trending North-east/South-west have 
2
 ibid, p. 11. 
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produced doming along the strike of the hinge joints. The angle of the 
doming varies greatly between and within the anticlines. South of the 
Central Deborah Mine on the Deborah Line of Reef, the anticlines pitch 10 
degrees North. North of the Great Extended Hustlers Mine on the Hustlers 
Line of Reef, the pitch is in places 60 degrees North. 
The pitch of the saddle has another effect according to Whitelaw. He states 
that: 
"...the saddle reefs in Bendigo recur more frequently one below the 
other along those portions along the anticlinal axial lines where a 
reversal or a secession of reversals of pitch obtains. Increasing 
distance from a reversal is usually accompanied by a marked 
decrease in the number of quartz saddles and a compensating 
development of quartz in the eastern beds as legs and spurs..."3 
Quartz injection and remobilisation has resulted in the quartz deposition 
along the anticline and syncline hinge zones, between the bedding planes 
extending away from the hinge. Quartz deposition has occurred in other 
areas of weakness which is favourable to the injection or deposition of 
quartz. Spur zones and fault reefs are other examples of these deposits. 
The deposits in which gold was found were the anticlinal saddle reefs, spur 
zones and East dipping backs within the bedding planes. Very little ore was 
mined from the synclinal deposits. 
3
 Whitelaw, H. S. The Hustler's Line of Reef Bendigo Melbourne: Department of Mines Bulletin No. 38, 
1914 p. 10. 
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Figure 3 Transverse section across the Bendigo goldfield (after Willman and Wilkinson) 
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Palmer4 has idealised the size 
and shape of the saddle as 
shown in Figure 4. In reality, 
they are far more complicated 
than the textbook shows. 
Figure 5 gives an example of 
one of the saddle reef 
structures actually mapped in 
the Hustlers Reef No.1 Mine. 
Figure 4 Idealised Bendigo Saddle Reef (after Palmer) 
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Figure S Saddle Reef No. 35 in the Hustlers' Reef No. 1 Mine (after Whitelaw 1914) 
"Palmer, A.V. The Gold Mines of Bendiao Vol. 1 Craftsman Press, Melbourne, 1976. p. 80. 
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The Bendigo "reefs" and "lines of reef are often described in the literature 
as having a continuous reef structure and are somewhat misleading. The 
Bendigo "reefs" such as the Garden Gully or Hustlers are actually the West 
trending anticlinal folds within which there is a quartz deposition on the 
hinge and downward between the bedding planes until it eventually pinches 
out. There are individual reefs along the anticlinal fold and these may be 
repeated below, along the next hinge. From the 1870's the repetition of one 
saddle below the next was recognised by mine management although not 
necessarily in its geologically correct form. 
Vertically, there is no connection between individual saddle type quartz 
reefs. The dip of the saddle can vary markedly along strike, from flat to 50 
degrees either North or South. O n some lines the steeper dipping deposits 
associated with a domal effect have historically been more productive. 
Some spur systems and caps are very large. They have been mined 
several hundred metres long, thirty metres high and thirty metres wide. O n 
the other hand, some legs and East dipping backs were profitably mined 
down to 0.3 metres in width. 
A mining system which will cope with such variations in the inclination of the 
ore body as well as its physical dimensions is complex indeed. The overall 
distribution of gold within the individual quartz structures appears to follow 
no universal pattern. Whitelaw5 believed that, in general terms, gold 
deposition has three basic characteristics. 
5
 Whitelaw, H. S. (1914)op_cjt pp. 11-12 
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Figure 6 Different examples of Quartz Structures on the Bendigo Goldfield (after Confan) 
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They are: 
• Gold occurs more commonly in the East legs than it does in the West 
legs; 
• The occurrence of a quartz body with marked pitch of the anticline or 
a reversal of pitch can lead to enrichment. North pitching reefs are 
usually richer than those pitching South; 
• The character of quartz reefs and their mineralisation are influenced 
by faulting. 
Dr Thomas, a former head of the Victorian Geological Survey summed up 
the position. In 1950 he wrote: 
"An outstanding feature of the Bendigo Goldfield is the irregular 
distribution of gold in shoots. All of the Bendigo quartz reefs probably 
contain gold in the amount of 5 grains per ton [0.3 g/t.] and many 
unpayable reefs carry as much as 1 dwt. [1.5 g/t.] and only certain 
portions of any reef contain more than 4 dwt. per ton [6.0 g/t.]. By 
contrast, there were shoots containing as much as 3 oz. of gold per 
ton [93 g/t.]; and much dead work is involved in prospecting for 
payable shoots. No obvious structural control of the location of 
payable shoots has been discovered except the general association 
of the more productive mines with domal structures..."6. 
It is axiomatic to assert that in any gold mine the overall grade of material 
mined is usually made up of a smaller quantity of high grade material 
combined with much larger amounts of lower grade ore. 
Thomas op cit p. 1025 
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Most gold particles within the quartz are comparatively large and the ore is 
usually described as free milling. Fine particles are locked within the 
sulphide crystals of arsenopyrite, pyrite, pyrrhotite, chalcopyrite, sphalerite 
and galena. These minerals may constitute up to 2 % of the ore. 
The majority of the gold won from underground has come from the saddle 
and leg formations. They vary markedly in size and shape. They are usually 
misshapen due to faulting across or along the strike or by bedding faults. 
A much smaller proportion of the gold came in the spurs zones, fault reefs 
and a little from the synclines. 
Gold only occurs in a limited number of these structures. Economic 
quantities of gold occur as shoots within these horizontal formations. 
Figure 7 illustrates the random nature of the deposition of gold within the 
quartz. This sketch shows the payable sections of the N e w C h u m Railway 
Reef which was worked from the 915 m. level of the N e w C h u m Railway 
shaft. The cap was payable only around the shaft and to the South for 220 
metres. The Western leg was payable over a total strike length of 600 
metres North and South of the shaft. The average height of the stopes in 
the Western leg was around 15 metres. The Eastern leg is displaced by a 
fault and carried no economic values. The total tonnage mined from the 
cap would be in the order of 15,000 tonnes while the tonnages from the 
legs would be 45,000 tonnes. 
This is calculated as: 
220m.(length) X 5.5m. (width) X 5m. (height) X2.6 (S.G.) = 15,730 
tonnes 
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The tonnages from the legs would be around 45,000.tonnes having a length 
of 600 metres, an average height of 15 metres and an average of 2 metres 
c>-o«« ««C-tiO« 
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Figure 7 Gold occurrence in the New Chum Railway Reef (after Thomas). 
Thomas sketched many of the different structures he had seen in Bendigo 
as a government geologist. The examination of these plans gives a broader 
perspective of the geological conditions when designing a mining system. 
All of the sketches show that the text book "Bendigo Saddle" is very much 
idealised and that the actual shape and size of many of these orebodies are 
complex indeed. 
Figure 8 shows the 9 level at the N e w Red White and Blue Consolidated 
Mine. The hinge along the Sheepshead anticline is much shallower than 
what would be considered typical for the field. The saddle has a small and 
poorly defined cap. Faulting along the hinge has created an extended neck 
on the saddle. Both legs are at a mineable width of around 1 metre. It would 
appear from an examination of the plans that mining in this area was 
confined to the neck of the cap and that the legs were not economic. The 
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stope was 50 metres long with an overall face area of 25m2 The total 
tonnages mined in the stope would seem to be in the order of 3,000 tonnes. 
While the grade of the stope is not known, the average grade of the mine 
was 12 grams per tonne. 
Figure 8 Cross section of the No 9. Level, New Red, White and Blue Consolidated Mine (after Thomas). 
There are some spurs on the footwall of the western leg which seem to 
have some relationship to the dyke running across the beds on the Western 
side of the anticline. These spur zones were often favoured by the miners 
16 
because of the larger tonnage and overall mining width. The whole spur 
zone was usually taken out rather than mining individual spurs. 
MoncNquite Dyke 
vx QUARTZ 
No. 19 Lrvtl 
Figure 9 Cross Section, No19 level Virginia Mine (after Thomas). 
Figure 9 is of the 19 level at the Virginia Mine. This mine is situated towards 
the Northern end of the field on the Garden Gully Line. Very little was done 
in this area. It would appear that the two sub-levels below the No. 19 level 
may have been tramming drives for the mining of the small inner reef. 
Rises were put up from 20 level to 19 level to test the outer reef but it was 
not payable. Quite a large body of stone exists in the cap and neck of the 
outer reef although it appears that this stone was not mined. The strong 
monchiquite dykes projecting down the anticlinal axis can be seen to 
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displace the structure as well as cut off the neck of the outer reef. 
Figure 10 shows the spurs in the Carlisle Mine on the Garden Gully line. 
They run west from the Victory "back" or bedded reef. These spurs occur 
approximately 100 metres below the Victory anticlinal fold and 30 metres 
East of the axis. It would appear that the actual leg of the reef was not 
mined at the point where the spur system developed. 
The total 
dimensions of this 
system were 30 
metres high and 20 
metres wide. From 
the sections, it 
appears that these 
spurs were mined 
over a strike length 
of 250 to 300 
metres. 
This would have 
produced a total 
Figure 10 Cross section spur system above 13 level Carlisle Mine 
(afterThomas) tonnage of around 
400,000 tonnes which would have represented 6 8 % of the mine's total 
production. As there were several other very large stopes in the Carlisle 
Mine and from the drawings it would appear that the spurs were very large 
in themselves, it would be likely that the spurs were selectively mined using 
perhaps some form of room and pillar mining method. 
0 10 20 
METRES 
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Figure 11 depicts the structure encountered on the 17 level of the N e w Red 
White and Blue Consolidated Mine on the Sheepshead line. 
The mine was one of the great producers of the field. The one company 
successfully worked the mine for over fifty years up until 1938 producing 
7867 kgs. of gold from 645,649 tonnes of ore at an average grade of 12.18 
grams per tonne. The major quartz structure in the anticline is the wide cap 
and neck. At the section in Figure 12, the cap and neck were payable for 
approximately 100 metres North and South. It was mined to a height of 20 
metres and a width of 10 metres. This would equate to 108,000 tonnes of 
ore. 
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The faulting along the hinge and the latter infilling with dyke material seems 
to have allowed an extension of the cap into a strong neck structure. 
Another dyke on the left of the diagram runs down along the bedding plane, 
faulting across the West leg of the reef and continues down parallel to the 
anticline. 
Figure 12 depicts the spur system in the Catherine Reef United Mine on the 
New C h u m line. The massive quartz deposition running westward from the 
East limb of the St. Mungo anticline can be seen. The quartz is bounded to 
the West by a monchiquite dyke. Most of this material was payable and 
therefore mined. This stope is quite close to the surface. The mine 
produced 755,270 tonnes of ore, the largest tonnage of any mine on the 
field. The overall grade of this mine was 10.5 grams per tonne. It would 
seem that many of the mines which produced very large tonnages mined 
spur systems as well as the caps and legs of the saddle reefs. As noted 
0 10 20 
' ' • 
Metres 
Figure 12 Cross section, spur system and fault in the Eastern 
beds under the St Mungo back, Catherine Reef United Mine (after 
Thomas). 
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above, quite large tonnages can be produced if the spur systems are bulk 
rather than selectively mined. This fact would also be reflected in the 
comparatively lower grade for the mine due to the dilution of payable quartz 
with unpayable material around the spurs. 
Figures 13 and 14 are plans of the field showing the anticlinal lines. Many 
of the major mines are also shown. All of these mines are in excess of 150 
metres in depth, bearing testimony to the amount of activity on the Bendigo 
goldfield. 
In conclusion, the geological features unique to the Bendigo goldfield put 
a number of constraints on the mining method which can be profitably used. 
These constraints include: 
• Most quartz structures, apart from the larger low grade spur zones, 
having modest tonnages at a medium grade, 
• Continuity of structure along strike with a vertical component usually 
less than 30 meters in height, 
• Heterogeneous depositions of ore within an overall unpayable quartz 
mass, 
• The location of the payable quartz being unpredictable and with 
irregular shape, size and deposition. 
The mining method used to redevelop the field will need to employ 
techniques which will accommodate the size and grade of any particular 
orebody and provide access to the ore economically and conveniently. The 
ore will in turn need to be mined efficiently, profitably and safely. 
21 
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Figure 14 Southern Section, Bendigo Goldfield (after Palmer). The highlighting shows the major mines. 
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3. HISTORY OF QUARTZ REEF MINING ON THE 
BENDIGO GOLDFIELD 
Between 1851 and 1954 the Bendigo goldfield produced approximately 
22,000,000 ounces of gold. 5,000,000 ounces of this was from alluvial 
operations. The remaining 17,000,000 ounces came from hardrock sources 
grading between 10 to 15 grams per tonne7. 
As with most Victorian goldfields, the initial production came from alluvial 
deposits but within five years of the discovery of the field, quartz mining was 
in progress. Within twenty years, the alluvial production was 
inconsequential and reef mining was the major source of gold. Between 
1860 and 1912, annual production of gold from the Bendigo field did not fall 
below 150,000 ounces per year. Most of those years saw production 
exceeding 200,000 ounces and the highest was in 1873 with 329,500 
ounces. From 1912 until 1954 when major company mining ceased, 
production decreased rapidly although there was a rise in the late nineteen 
thirties which peaked at 70,000 ounces in 1941. 
In the eighteen fifties, the Bendigo goldfield was transformed from a sheep 
run to an alluvial goldfield populated by fortune hunters using the most 
primitive equipment. Within two decades of this initial transformation, 
Bendigo had become a most progressive mining centre employing the 
latest technology available in Victorian times for the winning of hardrock 
gold. 
7
 Thomas, OE. op.cit. p.1011 
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Most of the larger mines on the Bendigo goldfield were situated on Mining 
Leases. Until well into the twentieth century, these leases were very small. 
The largest producer on the field, the Garden Gully United which produced 
444,000 ounces of gold was situated on 7.1 hectares. The shaft was 890 
metres deep. 
The mining techniques which were employed in Bendigo find their roots in 
the metal mines of Europe, particularly the Cornish tin mines. These were 
later supplemented by advances which had been made in the United States 
of America. The companies paid for Bendigo mine managers to travel 
overseas to bring back new technology. They also funded the original 
School of Mines. 
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Until the latter days of the field, there was no diamond drilling used in 
exploring for structures. Once the concept of the repetition at depth of the 
saddle reefs was appreciated by investors and management, the process 
which all of the mines followed was to sink a shaft, usually to the east of the 
known anticline to accommodate the east dip of the anticlines at depth and 
to prospect the various quartz structures by means of a series of cross cuts. 
The earliest shafts soon became two-compartment with single drum 
winding and a ladder and services way. With the advent of double drum 
winding, three compartments were used. Later still, some four compartment 
shafts were required by the Mines Department, the fourth being used for 
ventilation. 
Usually, a cross-cut was driven every 30 metres west from the shaft to 
intersect any possible quartz structures along the line of "reef. W h e n the 
centre of the anticline was reached, rises were often cut or winzes sunk in 
an effort to cut the cap of a reef. Any quartz which was intersected and 
considered potentially viable was driven on both North and South, often to 
the lease boundary. 
The levels were usually small, typically 0.9 metres wide by 1.8 metres high, 
sufficient to allow access for the 0.3 to 0.5 tonne hand pushed trucks on 
light steel rails. Figures 16 shows the layout of the shaft and cross cuts of 
one of the Bendigo mines of this period. 
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CROSS CUJ N"4 
Figure 16. Cross section of shaft and upper levels of the Hustlers Reef No. 1 Mine (after Whitelaw 1914). 
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It was not until the eighteen seventies that pneumatic drills were used in 
Bendigo. Prior to that, blast holes were bored using the"hammer and tap" 
method. Shafts over 300 metres in depth were sunk using this method. 
The first air powered drills were large, cumbersome and inefficient 
compared with today's machines. They were bar mounted between two 
walls, without water jets. The bottom drag or "Bendigo Cut" became popular 
as it required the cumbersome drill and bar to be set up only once for each 
face drilled. 
Tempered steel was used for drilling. In hard quartz, a miner may have 
needed to take over one tonne of drill steels into the face or stope to 
provide enough sharp steels to complete a round. In the 1890's, hole size 
varied but became progressively smaller with the change from black 
powder to dynamite. Trucks were filled by hand shovelling or from a chute. 
The techniques used in stoping the ore varied depending upon the size and 
shape of the ore-body. A variety of open stoping methods was used 
including over-hand and under-hand techniques. Ore was delivered to the 
trucks through chutes. The trucks were raised directly from the level at 
which the ore was mined to the surface. 
There were a variety of fill stope techniques used. With big demands on the 
shaft and winder, hoisting trucks in cages and miners and materials as well 
as bailing water, hand sorting of ore and disposal of mullock underground 
was a premium. Old stopes were back filled and mullock or low grade 
quartz was used as a working platform in a stope. 
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In addition, resue stoping was common in the narrow high grade leg stone. 
The ore and waste were mined separately in the stope by blasting the waste 
and mucking it out and then mining the ore. An adequate mining width was 
maintained whilst keeping dilution to a minimum. This method is extremely 
slow and labour intensive. Shrink stoping was used in some of the later 
mines on the field, mainly in the legs. In this method, most of the broken ore 
is left in the stope as a working platform and it is not until the stope has 
been completely drilled and blasted that all of the ore is recovered. This is 
labour intensive and has only moderate productivity.8 
Although some of the mines used mechanical pumps, most water was 
bailed using tanks in the shaft. The pumps which were used were mainly 
the Cornish B e a m Lift Pumps. As the sinking became deeper and adjacent 
mines closed, the cost of maintaining the deeper mines free from water 
became more and more difficult to maintain. In 1908, Lansell's 180 and 
Victoria Quartz mines on Victoria Hill had to bale 70,000,000 gallons per 
year between them9 
Assisted ventilation, when it was considered, was through a "smoke box" 
in the fourth compartment in the shaft. It was closed off from all the levels 
except at the bottom of the shaft to produce a chimney effect to draw dust 
and fumes from the lower workings. There was no forced ventilation used, 
even in the latter stages of its operation10. 
Cusack, F. Bendiao a history Melbourne Heinermann, 1973 p 208 ff. 
' ibjd. p.209. 
0
 Ibid p. 174. 
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Treatment plants consisted of stamper batteries, amalgam plates and 
tables or other devices to catch the mainly sulphide minerals. 
The Bendigo mining industry was considered to be the most modern and 
progressive in the latter part of the nineteenth century, but its inability to 
adapt to technological change past that time ultimately sowed the seeds of 
its demise. 
The decline in production, around the time of the First World War, had its 
origins s o m e years earlier based on the pegged price of gold and 
increasing costs of production. This led to a serious downturn in exploration 
and development of new ore bodies. By 1922, only one mine on the field 
was paying dividends. 
A short lived resurgence occurred during the 1930's. This was mainly due 
to a dramatic increase in the price of gold at that time, as well as the 
devaluation of the Australian currency and the general economic malaise 
of that period. World W a r T w o and the changed economic circumstances 
that followed meant the resurgence was short lived. Productive mining on 
the Bendigo field ceased in 1954 with the closure of the North and Central 
Deborah Mine11. 
The inability to improve efficiency through technological change in a climate 
of rising costs, a pegged price of gold, demands for better working 
conditions, particularly with regard to ventilation, and an escalating water 
problem meant the end of mining in Bendigo in 1954. 
11
 Ibid pp. 216-227. 
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The gold mining industry suffers the fate of all export industries. The costs 
of production are determined by local supply and demand forces. However 
the price of the final product is determined by world economic forces. 
Decisions m a d e in the financial capitals of the world will determine the 
value of the exported product. It is only through improved efficiency that 
costs can be contained or reduced. If these savings cannot be made in a 
climate of high inflation, the value of the mineral recovered is not sufficient 
to cover the costs of mining. This is what spelt the end of company mining 
in Bendigo in 1954. 
Local historian Frank Cusack, in assessing the decline of the field, summed 
up the situation by asserting: 
"...most companies persisted in the old and proven methods, in the 
old thinking and even compared to what was happening in mining 
elsewhere in the state, the local approach was unimaginatively 
conservative..."12 
In the mines of Bendigo, there were no airlegs, air operated underground 
loaders, electric cap lamps, air scrapers, ball mills, electric fans, 
locomotives or a whole host of other equipment which had been 
progressively introduced into other mining areas in this country - Broken 
Hill, Kalgoorlie, Mt. Isa etc. 
In the dying days of the field there was a limited attempt to introduce some 
mechanisation. In the Central and North Deborah mines in the early 1950's 
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some mechanical fans were bought as were two E I M C O rail bound loaders 
(or boggers). These efforts were too late and limited in scale to save what 
was left of the mining industry in Bendigo. 
By contrast, in the 1950's, the mines on the Golden Mile in Kalgoorlie 
introduced Ammonium Nitrate explosives, tungsten carbide inserts in drill 
steels and the new Atlas Copco airlegs in a bid to beat the problem of ever 
rising costs through more efficient mine practices. These efforts were 
successful. 
Figure 17. The New Red, White and Blue Consolidated Mine. This is a classic of Victorian Engineering. The 
mine worked for over sixty years and produced 267,750 ounces of gold. The shaft was 740 metres deep (after 
Palmer). 
/ 
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The following two photographs show stoping in a leg reef. The first was 
taken in the 1890's at the 1780 foot level of the Hustlers Reef Mine. It 
shows a bar and arm machine being used to bore the quartz reef. 
Figure 18 Bar and arm stoping at the Hustlers Mine in the 1890's (after Willman and Wilkinson). 
The second photograph was taken in the Central Deborah Mine in the 
1950's. Although they were taken sixty years apart, there is very little 
difference in the mining practice. 
\ 
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Figure 19 Bar and arm stoping at the Central Deborah Mine in the early 1950's (after Lerk). 
Operators treating tailings in the 1930's brought with them cyanide and 
pressure leaching to recover fine gold. At the same time, producing 
underground mines steadfastly stuck to their stamper batteries and 
amalgam plates, thus losing perhaps 2 5 % of their gold. This loss would 
have been recovered if the mines had accepted the technology of the 
tailings treatment companies which were often literally working beside them 
on the field. 
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Even accepting these criticisms and admitting its unwillingness to change, 
the mining industry in Bendigo was truly remarkable. T w o shafts were in 
excess of 5,000 feet in depth, 20 over 3,000 feet and 50 over 2,000 feet. 
Thousands of miles of drives, levels and crosscuts were driven. Over 800 
producing mines operated on the field.13 It was the largest producer of gold 
in Australia, eclipsed only by Kalgoorlie in the gold boom of the 1980's. 
The innovative technology introduced by mine management in the 1880's 
stood the industry in good stead for half a century but also sowed the seeds 
of its doom. 
The toll this industry took in human lives cannot go unrecorded. With more 
efficient drilling and blasting techniques combined with deeper sinking, 
ventilation in the mines became progressively poorer. The need for 
improved ventilation as well as dust suppression was considered of minor 
importance. Cusack states that: 
" The city possessed the highest death rate in the state for 
respiratory diseases....higher than that found amongst 
Cornish miners and four times as high as English coal miners..."14 
In human terms, the death and injury rate amongst employees of the 
Bendigo mines, whilst accepted and sanctioned at the time must be seen 
as a tragedy of immense proportion. 
13
 Willman and Wilkinson opcit p. 8. 
14
 ibid p. 206 
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The challenge for miners in the last part of the twentieth century is to 
provide a safe and economically viable system of orderly development of 
the unique ore deposits of the Bendigo field. 
The lessons of technology have been shown no more clearly than on the 
Bendigo goldfield. Any industry, but more particularly an industry which 
cannot determine the price for its goods must constantly adapt and change 
for its very survival. 
While conclusions drawn between today and over one hundred years ago 
may appear to be somewhat simplistic and stating the obvious, it is 
reasonable to suggest that a future industry which will successfully operate 
on the Bendigo field must: 
• operate on large mining titles with large potential for ore reserves, 
• be willing to use the most modern technology and be prepared to 
embrace new technological change, 
• be aware of the changing political climate in which this industry finds 
itself, 
• accept the highest standards of health and safety in the mines. 
A future mining industry will have another legacy from the past. It is an 
enormous storehouse of historical information from which engineers and 
geologists will be able to derive detailed information on much of the 
goldfield. 
/ 
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4. THE BENDIGO GOLDFIELDS DATABASE 
The database which has been established by the author appears as 
Appendix 1. and contains information such as tonnage produced, gold won 
and depth of sinking of many of the mines on the Bendigo goldfield. 
This inventory contains information on over 400 mines on the Bendigo 
goldfield. Whilst the information is rudimentary in some respects as it 
contains only details of name, location, depth, tonnages produced and gold 
production, there is a certain amount of important information which can be 
deduced. 
This information is relevant to both mining as well as exploration activities 
on the field. It is useful to the mining engineer as it can show: 
• the intensity of mining in any particular area, 
• the tonnages and grade of material mined, 
• the depth and extent of workings, 
• an approximation of the amount of voids underground which is useful 
in determining standing water in existing workings. 
The information can be greatly enhanced if it is able to be combined with 
the longitudinal projections which were taken from Thomas15. 
15Thomas, D.E. op. tit, pp. 1025 -1026. 
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Production details from a great many of the mines is incomplete. The Mines 
Department have estimated that there were between 5000 and 6000 reef 
shafts16. 
There have been attempts to assess various production details on the field. 
Bowen1 7 has details on a number of mines. From a database which was 
established in the compilation of this work, some statistics have been 
provided on approximately 400 mines, although reliable production data of 
both tonnes processed and total gold recovered is for less than 100. 
It may be reasonable to question where the oft quoted statistic of 
22,000,000 ounces of gold came from. The recorded production on the 
database for this work is in excess of 8,000,000 ounces out of a total of 
17,000,000 ounces of hardrock production. This figure represents less than 
5 0 % of the total production from the field. Whilst the database is 
incomplete, there are production records for most of the "great" producers 
on the Bendigo goldfield - The Great Extended Hustlers, Johnson's Reef, 
Garden Gully United, N e w Red White and Blue Consolidated, South N e w 
Moon etc. 
There may be a number of different and unrelated reasons for this wide 
variation in production statistics. Until the 1970's, gold produced needed to 
be sold through a series of licensed gold buyers. The cumulative production 
from the field may have been accounted for in relation to the total 
16
 Willman, C E . and Wilkinson, H.E. OP. cit. p. 43. 
17
 Bowen, K.G. "An Analysis of Gold Production Data for Victorian Reef and Deep Lead Mines" in Papers 
Presented at the Conference on Gold Deposits in Victoria Melbourne: Geological Survey of Victoria Report 
No. 12, 1974. p. 17. 
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production from the field, but the individual mine from which the gold was 
produced may have been unreported. 
Equally, many of the quoted production figures seem to have arisen from 
the reports of public companies. Usually the production of private mines, 
both large and small, was not widely reported. 
Finally, some of the very high grade production returns occurred before 
1870. For example Cusack quotes J.B.Watson's Kentish Mine on the 
Garden Gully Line as having produced 13 tons of gold or 350,000 ounces 
by 187118. Apart from the shaft depth, no other information is available. 
While accepting the limitations of an incomplete database there can be a 
number of useful conclusions drawn from the material. S o m e mines 
produced limited amounts of exceptional ore grading many ounces to the 
ton. Equally there were a number of mines which produced comparatively 
large tonnages at modest grades. The other group of mines is numerically 
the largest and accounted for the most production on Bendigo. These were 
the mines with moderate tonnage and medium grade. This is demonstrated 
in Table 1. 
Quite a number of these mines operated for many years, some more than 
fifty. Therefore when considering some of the large tonnages quoted for 
their overall production, the annual return may have been relatively modest. 
'Cusack OP. cit. p. 151 
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Tonnage of Ore 
Greater than 
350,000 tonnes 
Between 
350,000 and 
100,000 tonnes 
Less than 
100,000 tonnes 
Number of 
Mines 
12 
41 
30 
Average Grade 
12.75 grams per 
tonne 
14.85 grams per 
tonne 
26.25 grams per 
tonne 
Total 
Production 
2,825,631 
ounces 
3,269,970 
ounces 
1,261,994 
ounces 
Table 1. Production statistics comparing grade and tonnes mined. 
The table also demonstrates the paucity of recorded information which is 
available. The total number of producing companies which operated on the 
field is not known. The Mines Department has identified and named 
approximately 6000 shafts19. The figure of 800 companies is often quoted 
in relation to the scale of activity on the field. Of the 400 mines on the 
database, many entries are very sketchy. In any case the information in the 
table represents no more than 2 5 % of the total figure. 
There are several relevant conclusions which can be derived from an 
examination of the database. The first concerns the tonnages which have 
historically been extracted from the mines. 
There are 32 mines contained in this list. The total strike length is 1350 
metres. A recorded amount of 1,640,764 ounces of gold was won from the 
19
 Willman & Wilkinson op. cit. side notes to maps accompanying the report. 
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mines along that length of anticline. Of the mines where tonnages and 
grades are known, a total of 2,181,289 tonnes of ore was processed and 
32,016,018 grams of gold were won. This represents a recovered grade of 
14.67 grams/tonne. For every metre of strike length, 1615 tonnes of ore 
was produced. 
I |Mine 
i 
Old Sth. Garden Gully 
Garden Gully No.3 
Brilliant Garden Gully 
Garden Gully No.2 
Possum 
Garden Gully United 
Ashley 
Royal Albert 
Rainbow 
South Victory 
Victory and Pandora 
Victory 
Bell 
(Unity 
Old Carlisle 
Nth. Garden Gully 
jPassby 
Carlisle United 
Golden Fleece 
Kent 
'North of England 
South Cornish 
Cornish United 
West Cornish 
Kochs' Pioneer 
Perseverance 
Royal Standard 
Royal Oak 
Windmill Hill 
East Windmill 
|Central Windmill 
jjConf idence 
li , 
Ore 
(tonnes) 
n/a 
n/a 
n/a 
n/a 
n/a 
562961 
n/a 
n/a 
n/a 
n/a 
104448 
n'a 
n/a 
20B408 
! n/a 
: 14052 
n/a 
! 593257 
n/a 
' n/a 
:
 n/a 
1
 n/a 
126956 
; n/a 
i 465079 
! n/a 
1 n/a 
1
 n/a 
106828 
' n/a 
! n/a 
n / a 
i " ^ 
Gold 
(kg.) 
762 
n/a 
n/a 
n/a 
n/a 
13192 
n/a 
n/a 
67 
n/a 
2348 
n/a 
n/a 
1979 
n/a 
899 
845 
5538 
8449 
10955 
n/a 
n/a 
1705 
n/a 
4264 
n/a 
n/a 
n/a 
1376 
n/a 
n/a 
375 
Depth 
(m. ) 
305 
736 
37 
198 
n/a 
893 
n/a 
n/a 
183 
n/a 
871 
837 
n/a 
837 
n/a 
512 
n/a 
1046 
n/a 
305 
n/a 
503 
844 
n/a 
827 
n/a 
n/a 
n/a 
848 
n/a 
I 305 
I 850 
kg/m 
2.5 
14.8 
0.4 
2.7 
2.4 
1.8 
1 
35.9 
1 
I 2.0 
5.1 
i 
I 1.6 
i 
i 
| 0.4 
1 
— ti 
Grade 1 
(g/t.) j 
23.4 
i 
i 
22.0 
I 
i l 
i 9.5 | 
i 
63.0 | 
i 
q t: 1 
1 
1 
i 
I 
13.0 | 
1 
9.5 
1 
i 
i | 
13.0 | 
li 
n fi 
n 
n 
1| 
Table 2 Production statistics of mines on the central part of the Garden Gully Line 
For every metre of shaft sunk for which there are figures, a total 219 tonnes 
of ore was mined and 101.6 ounces of gold won. 
Figure 20 shows the major areas of stoping on the Garden Gully anticline. 
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Figure 20 Major areas of stoping along the Garden Gully anticline (after Thomas) 
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Figure 21 illustrates what was considered payable ore which was stoped on 
the Garden Gully 300 ft. Reef. 
in L^ J 
Figure 21 Payable sections of the 300' reef, Garden Gully line (after Thomas). 
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.It is worth noting the uneven distribution of payable ore within the reef 
structure. 
The mining method employed in this operation would have required a high 
level of extraction as well as low dilution. With an average head grade in 
the mine of 24 grams per tonne, the recovery of as much of the ore as 
possible without introducing serious dilution would have been considered 
a premium. The initial high grade operations on this reef probably dated 
from the late 1860's. 
The use of a database as well as other historical records can provide 
present day operators with much invaluable information. The use of records 
for historical examination is unlikely to give the current operator a proven 
mineable resource. Its real value lies in providing a broad perspective on 
the gold deposition within the various structures of the field. It is very useful 
in assessing the regional and localised geology to determine the size, 
shape and inclination of future ore bodies which may be encountered at 
depth below the existing workings. It will also provide other information 
relating to ground conditions and the requirement for dewatering. It would 
be very surprising to find in these records, large masses of payable ore 
which were left by the previous miners. 
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5. THE HISTORICALLY PROSPECTIVE AREAS OF THE 
FIELD 
Before a decision can be made concerning the access and the mining 
program, it is necessary to resolve where the likely areas of interest are to 
be located. 
Arising from this information will flow the depth to which workings will 
penetrate and the likely size and shape of the ore-bodies which are to be 
mined. The depth of any proposed workings will affect the overall stope 
design as well as the costing for operating the mine. 
In the absence of conflicting exploration material, it would seem from the 
historical data that the central area of the field has the most potential. The 
following table demonstrates this fact. 
Section of 
Field 
Northern 
Central 
Southern 
Prod'n 
(kgs.) 
97,909 
147,280 
43.594 
Number 
of Mines 
132 
179 
129 
Strike 
Distance 
(m.) 
4,000 
4,000 
4.000 
kgs/m. 
along 
strike 
24.59 
36.82 
10.89 
kgs/m. 
in depth 
3.24 
3.40 
2.62 
Grade 
(g/t) 
18.0 
17.8 
16.1 
Table 3 Historical production of the different sections of the Bendigo goldfield 
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In examining Table 3, there are a number of matters which should be 
considered: 
• The boundaries of the different sections of the field are somewhat 
arbitrary but they do divide the field equally. The boundary between 
the North and Central area is the Coleman Fault in the Windmill Hill 
area. The boundary between the Central and Southern End of the 
field is the Bendigo to Melbourne railway line. 
• The kilograms per metre of strike figure is the total recorded 
production included from the fourteen major anticlinal lines within the 
area. 
• The kilograms per metre in depth represents the recorded depths of 
all of shafts in the area divided into the total production for that area. 
While there are more numerous and deeper shafts in the better 
areas, the figure still gives an indication of the value of one area 
compared to another. 
• The grade figure is fairly consistent between all of the areas although 
there is a slightly lower grade in the Southern part of the field. The 
grade is that which was mined and recovered. This is a figure 
representing the gold won from the mine but not necessarily the in-
situ value of the orebody. 
It would seem that the Central part of the field has been historically more 
productive. There were more mines producing larger amounts of gold per 
metre of strike and depth of sinking. 
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It can be concluded from these figures that in the absence of conflicting 
exploratory work, the central part of the field would be the most likely to 
offer mineable deposits at depth below the existing workings. An 
examination of Table 4 of production from the individual lines of anticline 
within the central area points even more clearly to the area of likely interest. 
Line 
Garden Gully 
New Chum 
Hustlers 
ShPppshpaH 
Deborah 
Nell Gwynne 
Lancashire 
Napoleon 
Thistle 
Paddy's Gully 
No. of 
Mines 
46 
39 
26 
?n 
8 
5 
6 
7 
7 
A 
Prod'n 
(kgs.) 
50350 
42250 
31502 
195R1 
1032 
2225 
918 
46 
605 
1451 
kgs./m. along 
strike 
12.59 
10.56 
7.87 
3 14 
0.26 
0.57 
0.23 
0.01 
0.15 
0,36 
kgs./m. 
in depth 
3.46 
2.14 
4.03 
?7ft 
0.97 
1.57 
0.02 
0,01 
0.01 
0.03 
Grade 
g./t. 
23.66 
22.47 
37.47 
11 79 
7.44 
12.00 
n/a 
22.21 
n/a 
n/a 
Table 4 Historical production of different lines of anticline on the Bendigo goldfield 
There are four major anticlines and these are, from West to East, the New 
Chum, Sheepshead, Garden Gully and Hustlers'. These are interspaced 
by Deborah, Paddy's Gully and Derby anticlines. The latter three are 
considered to be minor producers. The total distance across strike between 
all of the anticlines is in the order of 2000 metres, the distance between the 
three most productive anticlines with the Deborah interspaced between 
them is less than 1000 metres. This can be seen in Figure 22. 
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Figure 22 The ceatral part of fee Bcmfian gnMfirfrf (after WiHmmt artrf Wflfcingnn) 
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Due to the activity of the past, there has been a great deal of work 
performed on all of these areas. The known tonnages processed from the 
116 mines in this particular area is 5,512,026 tonnes. There are mines for 
which there are no ore production figures because they actually produced 
little or no ore. There are others, particularly those which operated early on 
the field or which were privately owned, for which there are no gold 
production figures, even though some produced large quantities of gold. 
These would include the Kent with 350,000 ounces, Lansell's 222 with 
70,000 ounces, the Cinderella with 40,000 ounces, the East Pearl with 
48,700 ounces or Ballerstedt's claim on Victoria Hill. 
Based on the information of production and recovered grade, the most 
attractive target for possible future development would be in the Western 
half of the Central area of the field. This would encompass the N e w Chum, 
Sheepshead and the Garden Gully lines. 
In this area covering the three most productive lines of the Bendigo field, 
the question which must be asked is what is the likely horizon where there 
may be untapped mineral resources occurring. O n examination of the 
historical data, this horizon would have to be in excess of the bottom 
workings on many of the previous companies, probably deeper than 1000 
metres. 
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6. PHYSICAL CONSTRAINTS ON REDEVELOPMENT OF 
THE FIELD 
There are a number of significant constraints to the orderly development of 
possible ore bodies in Bendigo. A number of these constraints relate to the 
previous activity on the field. 
The first is that the city of Bendigo is built over much of the known lines of 
anticline. Even though an attempt has been made to allow continuing 
access through the reservations of some Crown land for mining purposes, 
much of the actual field has buildings or other developments on the 
surface. Much of this land is private. For example, the rich central area of 
the Garden Gully line has close residential development along much of its 
length. The reservations which have been made are usually based around 
an existing shaft which has been capped. 
The second of these problems stems from the amount of ore which has 
already been extracted from the upper levels along the anticlines. Of the 78 
shafts in the database which were deeper than 600 m. the average 
production was 195,000 tonnes. This gives a total production from these 
mines of 15,210,000 tonnes. In these mines, perhaps half of that production 
will have come from the upper levels above 600 metres. This means that 
of the estimated 37,000,000 tonnes of ore mined on the Bendigo field, 
perhaps only 2 0 % came from below 600 metres or that 30,000,000 tonnes 
came from above the 600 metre level. 
/ 
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What conclusions can be drawn from these problems which have been 
outlined? 
(1) In the Mineral Resources Development Act 1990, any land 100 metres 
below private land effectively becomes Crown land. For access to private 
land compensation is payable and access to that land in many cases is 
subject to the consent of the land holder. There is a considerable amount 
of private land holding over the field and this is often interspersed with 
Crown land. The concept of mining significant tracts of land within 100 
metres of the surface of the populated parts of the field is unrealistic. 
(2) The likelihood of significant ore-reserves within the workings of existing 
mines is small. It was common practice to mix larger quantities of lower 
grade material with high grade supplements. Mine management attempted 
to even out differences in recovered grade over a period by this mixing 
process. The feeling was that the investors would attempt to high grade the 
mine by simply mining the rich portions and leaving the lower grade 
material in the ground. All employees, including the mine manager, had 
little to gain by this high grading and their livelihood to lose if this practice 
was followed. 
Even when lower grade material was by-passed in the upper levels of the 
mine in search of higher grade material at depth, tributers or the mine's 
employees would often come back to this lower grade material towards the 
end of the mine's life. The costs of water pumping often accelerated this 
process. As more mines closed along the same anticline, the responsibility 
for pumping larger quantities of water fell on fewer mines. 
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Overall, an average of over 215,000 tonnes of ore has been mined above 
the 600 metre horizon per kilometre of anticlinal axis on the Bendigo field. 
(3) There are certainly unexplored sections of the anticlines although some 
testing has been conducted on most areas but this was not necessarily to 
any depth. The saddle reef below any one which was tested may prove to 
be highly payable, whereas the one tested may have been barren. 
(4) The siting of drilling rigs within the Bendigo area for exploration will be 
a problem. While certain advances have been made in noise and dust 
suppression, there will be a degree of opposition to drilling in the built up 
areas of Bendigo. Unoccupied Crown land and mining reserves may be 
useful if they are where the company wishes to drill but there will be 
occasions when these locations are not suitable. 
Another difficulty which will face any future developer of the Bendigo field 
will be water disposal. Along most of the lines, the individual mines were 
interconnected. While there are suitable pumps available to dewater even 
the wettest mine, the volume of water which has accumulated in the 
underground openings of shafts, levels and stopes means that a very large 
volume of water has to be moved. This is in addition to the natural inflow 
into the mines. 
Water disposal will be a problem as environmental laws will no longer allow 
straight pumping from the mine into a water course. The water will have to 
be treated before it will be allowed to be discharged or it will need to be 
stored in evaporation basins. 
Naturally, these constraints are not 
problems which developers will have 
to the Bendigo situation. 
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the only or even the most significant 
. They are however, somewhat unique 
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7. AN INTEGRATED MINING AND EXPLORATION 
PROGRAM 
While it has been noted that there is lack of specific information concerning 
the grades and tonnages mined from the individual mines, there is still a 
large amount of historical material available on the Bendigo goldfield. The 
Mines Department holds underground plans of many mines as well as other 
records. This material will be invaluable in interpreting both the overall 
geology of a section of the field as well as the specific make-up of the 
orebody. 
The exploration of the field will involve: 
• Intensive historical research 
• Limited surface drilling 
• Sub surface based drilling 
• Underground development 
While it would be folly to embark on underground development without 
some degree of confidence in finding payable ore in the quantities sufficient 
to make the venture a financial success, the physical constraints as well as 
the geology of the ore encourages the developer to go underground as 
soon as possible. For an explorer to seek repetitions at depth of the rich 
North pitching saddles on the Hustlers line or Hicks spurs which extended 
for over 700 metres and were mined to a height of 90 metres on the 
Sheepshead line, there are a limited number of options available before 
going underground. 
7 
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After conducting the historical research and reliable geological 
interpretation, s o m e drilling may be possible if appropriate sites are 
available. While it is possible to prove up the structure by drilling, the grade 
of the material cannot be accurately assessed in this manner. Only through 
bulk samples taken directly from the ore body will this be achieved. 
Any decision to base the major part of the exploration on underground 
exploration will be determined by: 
(1) The size, shape and gold distribution within the individual ore body is 
unique to the Bendigo field. In an individual saddle reef, the gold may occur 
in either or both of the legs, the cap or neck of the saddle, in the spurs or 
along faulted bedding planes or backs. To establish most of this 
information from surface drilling would be extremely difficult and probably 
not cost effective. 
(2) The likely locations of ore will be at depth, probably in excess of 600 
metres. Even for a limited bulk sampling program, a significant investment 
would need to be made. Access would need to be established, some form 
of materials handling system would have to be constructed, water disposal 
and ventilation requirements would have to be met. In other words, to even 
sample the places where there is likely to be deposits of payable ore or to 
create a platform for underground drilling, a significant mining operation 
would need to be undertaken. 
(3) Surface access to these ore bodies is likely to be difficult. Whilst there 
are a number of existing shafts which may provide access in the proximity 
of the desired location, they will be comparatively small, they will require a 
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large amount of rehabilitation and they may be close to residential areas. 
Access would be preferred at some distance from the ore body. Decline 
access may be a possibility. If a target zone with a minimum of 600 metres 
in depth was envisaged, a decline at a grade of 1:7 would be 4.2 kilometres 
in length to reach that depth. With the cost of driving a decline in the order 
of $2,000 to $2,500 per metre, the access itself would cost in the order of 
$9,000,000. If comparatively long distances are to be contemplated from 
the point of surface access, the advantage of the decline over the shaft will 
be that the lateral distances can be travelled plus depth achieved in the one 
operation compared to a shaft and levels which require effectively two 
transporting operations and the double handling of the ore. However, the 
overall cost of operating a decline to such depths may make it financially 
prohibitive. 
(4) Exploration, development and mining will all need to be closely 
integrated. Underground drilling for possible future orebodies will be an 
integral part of the mining program, particularly as there will be limited 
surface opportunities to do this. Development should be within the ore body 
so as sampling and assessing the ore will occur during this development. 
Access along the strike of the structure will need to be semi-permanent so 
as to provide passage for further development. 
,;/ 
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8. RECENT PROPOSALS FOR MECHANISED MINING OF 
THE BENDIGO GOLDFIELD 
There have been two proposals made in recent years for the mechanisation 
of mining the ore bodies typically found on the Bendigo goldfield. 
The first was by H Thompson20. The second was prepared for Bendigo 
Mining N.L. by a number of consultants from which an overall mining plan 
was created by Conlan21. The Conlan report was reviewed by Nedpac 
Engineering22 in September 1988. All of these reports were primarily 
concerned with the mining of the structures closer to the surface than what 
is suggested in this work. They were also confined to the Deborah anticline. 
This has not historically been a large producer of either tonnes of ore or 
gold. Certainly the production from the North Deborah was significant in 
itself but overall this line remains one of the minor lines on the field. 
Nevertheless, the studies have all addressed the subject of mining the 
different ore bodies typically found on the Bendigo field. 
20
 Thompson, H. Investigation into the Mechanised Mining of the Bendigo Reefs. Unpublished fourth 
year project, Ballarat University College. 1988. 
21
 Conlan, G.R. The Deborah Reef Project. Mining Project Unpublished report, Bendigo Mining N.L. 
1988. 
22
 Nedpac Engineering Feasibility Study for the Deborah Reef Project Report to Bendigo Mining. 
Melbourne: Nedpac Pty. Ltd. 1988. 
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Figure 24. Plan of devekx>ment used in decline mining (after Thompson). 
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Thompson has proposed two alternatives for the mining of the legs. The 
method which he has described as decline mining is shown in Figures 23 
and 24. A drive is constructed along the reef at the bottom of the leg to be 
mined. A rise is put in from the drive through to the cap of the reef. An 
inclined drive is constructed from the bottom drive through to the cap. 
The angle of the drive is 15° from the horizontal. A cross cut is driven 
across the full width of the cap from the point of intersection of the top of the 
incline and the rise. A series of 9 ore blocks are created within the leg which 
are drilled, blasted and mucked from various positions in the development 
openings. 
The second method of leg mining is using shrink stoping. Once again, a 
drive is constructed along the bottom of the leg to be mined. Rises are put 
up to the cap and cross cuts driven across it. Drawpoints are cut from the 
bottom drive into the host rock towards the centre of the anticline and rises 
are put in to intersect the reef some distance above the drive. Hand held 
drills are used to drill the ore from above the draw points using an up hole 
pattern, The ore is blasted and only sufficient ore is removed from the 
drawpoints to leave a suitable working platform in the stope from which the 
drilling of the next lift is performed. W h e n the stope has been completely 
drilled and blasted, that is when the roll over of the anticline is reached and 
the broken ore will not rill down the stope, the majority of the ore is 
withdrawn through the drawpoints. 
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Figure 25. Ring firing of the up holes in the caps stope (after Thompson). 
Thompson only offers one proposition for the mining of the caps. It is 
integrated with the previous system by putting a 2 m. X 2 m. drive between 
the cross cuts which have already been driven across the caps along the 
centre country. The cap is drilled out in a ring pattern. The rings are loaded 
and fired, not along the strike of the reef as conventional ring firing is done, 
but across strike starting with the bottom holes on the opposite side to the 
void which has already been mined out. The effect of this firing sequence, 
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Thompson argued, is to cast as much material (up to 60%) down the leg 
stope. The remaining material which is still sitting in the area of the cap 
would be dozed down the void or scraped down using drum scrapers. The 
ore would be trammed out of the drawpoints. 
It would appear that the proposal described by Thompson has two major 
weaknesses. 
The first relates to the assumed tonnages of ore delineated per metre of 
development. He has described the saddle and leg structure in classic text 
book manner, that is having a regular shape and dimensions, of standing 
almost vertical along strike and even distribution of grade within the ore. 
As has been discussed previously, such ore bodies will be very much the 
exception rather than the rule. It is unlikely that the tonnages quoted of 91 
tonnes per lineal metre of leg stone developed will be accurate. The 67 
tonnes of cap ore, calculated from the dimensions of the ore body 
described, similarly may not be correct. 
The second area of Thompson's proposal which is unrealistic relates to the 
overall amount of development required in the stopes, particularly when 
considering the tonnage of ore mined. The figure of 158 tonnes of ore per 
lineal metre of stope has been proposed. With an overall stope length of 47 
metres, this would produce 7426 tonnes of ore. 
210 metres of 2 m. X 2 m. of level or incline development is required as well 
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as 20 m. of 1.2 m. X 1.2 m. rise. According to McCarthy's23 most recent 
costing, this would represent an expenditure of $231,490.00 on such 
development. There would be some ore recovered in the development 
headings. 
In the cap drive and crosscuts, there would be a high proportion of ore but 
in the workings towards the bottom of the leg, a very high level of dilution 
would occur as the stone pinches out toward the bottom the leg. 
Unless the heading was selectively mined, the ore would be likely to be 
discarded because of the high dilution. 
Development 
cost 
Mining Costs 
All other mine costs 
TOTAL 
Decline mining and up 
hole retreat ($) 
33.30* 
16.28* 
33.65** 
83.23 
Shrink stoping and up 
hole retreat 
42.29* 
22.37*** 
33.65** 
98.31 
Cut and fill 
($) 
10.28** 
23.81** 
32.98** 
67.07 
Up hole 
retreat ($) 
16.31** 
10.28** 
33.65** 
60.24 
Table 5 Summary of mining costs contained in four different proposals, (based on 80,000 tonnes per 
year). Both McDouall and McCarthy's costs were calculated in 1993, Thompson's costs are from 1987. 
* McCarthy ** Thompson *** McDouall24 
The excessive amount of development in the Thompson proposal of 
decline mining compared to the tonnage of ore recovered makes the 
proposal unattractive. The in-stope mining cost is $48.36 per tonne. He 
asserts that hand held shrink stoping would be up to 3 0 % higher in costs 
23
 McCarthy, P.L. "The Economics of Narrow Vein Mining" in Narrow Vein Mining Seminar Papers 
presented to the Narrow Vein Mining Seminar, Bendigo 1993. Melbourne: Australasian Institute of Mining 
and Metallurgy, 1993. pp. 92 - 95. 
24
 McDouall, A. New England Antimony Mines. Underground Operations Hillgrove: 1993. 
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again from the incline mining. This would be consistent with current industry 
costs. 
The summary in Table 5 is indicative only and shows the relative costing 
of each mining method and the proportion of development to production 
costs for each method . Account must be taken when making the 
comparison between 1987 and 1993 figures with a small premium added 
to the Thompson figures to cover the increase in costs over that six year 
period. The real costs of each mining method will also vary depending on 
a number of factors including depth of operations, ground conditions, ore 
characteristics and related items. 
In assessing the costs of mining ore, there needs to be an effective 
understanding of the total costs, access to the orebody, stope development 
costs and actual mining costs. A comparative study of the required 
development and the tonnes to be mined may assist in the understanding 
of the most cost effective way to mined a given orebody and the most 
effective method to be employed. 
The greatest problem with Thompson's preferred method, that is incline 
mining, relates to the tonnage estimates and the amount of development 
required. As has been shown in this work, the shape size and grade of the 
ore can vary markedly. The idealised shape from which he has been able 
to derive the tonnage estimate of 158 tonnes per lineal metre will not be 
correct for all of the orebody. It is likely that it will be correct for only a small 
proportion of the reef. Irrespective of the tonnage involved, the mining 
method requires a large amount of development. If less than the expected 
tonnage of ore per metre of development is encountered, the cost of mining 
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that ore will rise to cover the development cost. 
Dilution will also be a problem using the incline mining method. Thompson 
accepts that in the legs where the mining width is wider than the ore body, 
vertical or horizontal resuing may be necessary in an effort to reduce the 
amount of dilution. Resuing involves the waste and ore being separately 
drilled and blasted. If this resuing is accepted as the method to reduce the 
dilution, the production costs per tonne of narrow leg stone ore will be 
significantly increased. 
The Conlan\Nedpac Proposal 
The initial report by Conlan, Mine Superintendent for Bendigo Mining NL in 
the late 1980's, was evaluated by Nedpac Engineering as part of the overall 
examination of the "Deborah Reef Project". 
Conlan had proposed a decline into the upper levels of the Deborah 
anticline (<500 m.). 
He proposes to mechanise the mining techniques but being mindful of 
grade control and dilution of the ore. Excessive dilution and poor grade 
control can outweigh the financial advantages of mechanisation as the 
value of the ore seriously drops due to the inclusion of unpayable material. 
He proposes two methods of mining the legs. They are: 
• Conventional shrink stoping with mechanised extraction, 
• Narrow Vein Sub-level Open Stoping. 
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SECTIDN 
PLAN 
\ 
Ore 4,2 m. above drive 
Job Procedure 
1. Put in Qre Drive 
2. Put in Mill Hole Offsets 
3. Put up Jump-up Rises 
4. Join Rises Together in Dre 
5. Mine out DRE 
6. Extract the DRE 
7. Pillar Recovery Retreat 
8. Fill with Mullock 
Figure 26. Shrink stoping (after Conlan). 
Shrink stoping would be carried out using hand held machines. The overall 
stope length would be at least 20 m. although he does not suggest a 
maximum stope length. Finger rise mill holes would be put in from the 
bottom level every 8 m. An estimate of 50 tonnes per shift being broken is 
envisaged. This is described in Figure 26. 
Conlan would employ a standard shrink stoping method apart from 
mechanised drawing of ore from the stopes from the drawpoints. The 
operation would use rubber tyred equipment rather than conventional rail 
trucks and ore passes. The bottom pillar would be extracted on a retreat 
basis after all of the ore had been bled from the stope. He argues that the 
8 m. spacing between the drawpoints can be justified on that basis, any ore 
left in the stope would be recovered when the pillar was removed as the 
final process in the mining cycle. 
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Figure 27 Long Hole stoping in legs (after Conlan). 
Conlan envisages far less development in the preparation of the shrink 
stope than Thompson had suggested although the overall process appears 
similar. 
Conlan proposes the mechanisation of the stoping in the legs by the use of 
long hole open stoping. 
Figure 27 outlines the basic proposition which is in line with conventional 
techniques for this style of mining. 
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He suggests that this method would become the most widely used 
procedure for stoping the legs once sufficient confidence in using the 
technique had been achieved as the project developed. 
Particularly in the lower sections of the leg, the interval between the sub 
levels would be reduced to maintain drilling accuracy and therefore keep 
dilution of the ore to manageable proportions. 
As the stope progressed further up the leg, where the mining width 
increases, a large amount of ore can be mined from the sub level. Indeed, 
the greater width of the leg in the higher regions would mean that the sub 
levels can be spaced further apart, yet maintain the drilling accuracy. 
The mining of the cap regions of the reef can be performed using a number 
of techniques. These will vary according to the height and width of the cap. 
The basic proposals are: 
• Room and random pillar, 
• Sub level cave stoping with remote extraction. 
Room and random pillar would be used where the stope was comparatively 
wide but less than 4 m. in height. The pillars would be constructed of 
poured concrete to allow complete extraction of the ore in the cap region. 
Low grade ore may however, be used for the pillars if the economics of the 
proposal justified it. The ore would be drilled and mucked using 
conventional narrow vein rubber tyred equipment. 
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Figure 28 Room and random pillar stoping (after Conlan) 
Conlan expects good recovery rates and low dilution from this form of 
stoping. 
While this form of mining is appropriate for flat bedded deposits, particularly 
those with a large area, the applicability of this method to the mining of caps 
of reefs is questionable. The overall ore width necessary to justify this 
method does not correspond with the geological information on this field. 
i 
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Area . . from which ore has { 
been blasted and lemoved | 
Figure 29 Sub-level caving with remote control extraction, (after Conlan) 
For caps larger than 4 m. in height, Conlan proposes to use a variation of 
up hole retreat stoping. Although there appears to be some confusion 
between the text and the diagrams in his description, it would appear that 
drill drives are constructed along the strike of the cap. If the cap zone is 
sufficiently wide, two such drives would be constructed. The cap area would 
be drilled and the ore fired in a ring pattern. A central tramming drive is put 
in and the broken ore is picked up using remote controlled loaders with the 
operator working under the safety of the brow of the tramming drive. 
The ore is then hauled back to the main decline for transport to the surface. 
it 
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The usual problems which are faced by any bulk mining method are 
encountered here. The selectivity of the more labour intensive methods are 
lost. All of the material which is drilled and blasted is extracted as ore from 
the stope. Similarly, unless the drilling accuracy is maintained, there will 
either be an increase in dilution by blasting out beyond the walls of the 
stope or recovery will drop because not all of the ore is broken by the ring 
blasts. These problems need to be weighed against the much lower 
operating costs. 
In examining Table 5 on page 61, it can be seen that there is a high 
development cost associated with up hole retreat mining. The amount of 
ore that will be accessed by the development and mined at the lower cost 
must be compared with the actual cost of that development. 
Another problem which is always associated with any retreat method of 
mining is the dilemma of double development. Once a stope has been 
mined out, access through that area is prevented. Therefore access to the 
next block must be in the form of a new access drive, in this case outside 
the cap region. 
As the continuity of the Bendigo saddles along strike is generally accepted, 
unless the retreat mining is started at the furthest extent of the workings (or 
perhaps the lease boundary) additional access will need to be put around 
the mined out block in the caps of the saddles to access the next block. If 
the retreat is to be done from the furthest extent of the cap region, all of the 
development will need to be constructed along strike without being able to 
extract any of the ore. The advantage obtained from the more economical 
/ 
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up hole retreat mining method may well be offset by the cost of tying up 
capital for all of the development work needed to set up the complete block. 
One of the novel features of the Conlan proposal is the use of detachable 
bins in to which the ore is loaded. It is proposed that a series of these bins 
would be placed in cuddies along the decline adjacent to the working 
production areas and that they would be filled in the same way that a L H D 
would fill a normal tip truck. A prime mover would pick up the bin 
hydraulically and cart the loaded bin to the surface. This method would 
reduce the number of prime mover vehicles needed to operate the mine 
and reduce the amount of double handling. 
Conlan adds the precautionary note concerning the scheduling of 
development and production. He maintains that the rapid rate of mining due 
to the relatively small tonnages and the overall economics of the operation 
must coincide with the much slower development needed to bring the 
stopes into production. 
Nedpac Engineering examined the Bendigo Mining proposal. In general, 
they agreed with the approach that Conlan had taken to the mechanisation 
of the mining. They did however offer a number of slightly different 
solutions. They suggested the use of long hole stoping, presumably sub-
level open stoping on some of the larger spur deposits. They also proposed 
a form of long hole stoping with fill by which the stoped areas would be filled 
with development waste. The fill would provide a working floor from which 
the next section of the ore-body above would be stoped. The fill would also 
aid the overall stability of the area. 
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Lang. High 
Narrow Neck 
Blocks 
Low, Mad. Width 
Neck Blocks 
Large Wide 
Spur Blocks 
METHOD 
Atrleg 
Shrinkage 
Longhole 
Breast/ 
B»ck 
Open 
Stoping 
Open 
Stope 
with fin 
tonnes Per 
Metre Oev. 
34 
15 
23 
12 
49 
39 
22 
55 
62 
tonnes Per 
Manshift 
12 
10 
19 
1? 
30 
23 
26 
40 
33 
Costs Per Tonne Ore 
Oev./ Prod. /Total 
32* 
60* 
59*' 
83* 
50* 
58* 
77* 
47* 
35* 
68* 
40* 
41* 
17* 
50* 
42* 
23* 
53* 
65* 
$31.27 
$43.88 
$19.95 
$30.59 
$13.83 
$19.39 
$18.24 
$15,97 
$17.37 
Production 
Potential/Shift 
40t/20e Stope 
50 t/shlft 
with JC Loader 
50 t/shlft 
with JC Loader 
150 t/shlft with 
Toro Loader 
50 t/shlft with 
JC Loader 
150 t/shlft with 
Toro Loader 
> 
50 t/shlft with 
JC Loader 
150 t/shlft with 
Toro Loader 
Table 6 Nedpac summary of mining methods and relative costs 
In summary, Nedpac tabulated their final conclusions and costing with 
regard to the appropriate mining methods. 
They have attempted to relate the costing to tonnes per metre of 
development. 
Nedpac in their report have also considered the use of a long hole stoping 
method with introduced fill. They envisaged the use of this method in high 
/ 
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wide spur zones. The ore would be mined from the bottom up and the fill 
would provide a working floor for the next lift of open stoping. The fill would 
also add to the general stability of the underground environment. 
The major problem with the Nedpac program is that there are so many 
different mining methods proposed. At any time, it is possible that three or 
four different mining methods are being used at the same time within the 
same ore body. They all need different development configurations. The 
scheduling of such a program would be quite complicated, considering the 
demands on both personnel and machines. 
It would be highly likely that one method would be more extensively used, 
even in inappropriate situations simply because the scheduling of the 
development for the suitable method does not fit into the overall availability 
of machines and miners. 
In general terms, all of the mining proposals potentially suffer from the 
same dilemma. 
• All of the proposals assume a regularity of the ore body, both in 
physical dimension and grade distribution which, as has been 
demonstrated, is not the case. 
• In any bulk mining method, there is a high development cost. This is 
more than justified by the lower unit cost of production. However, on 
the information provided by the proponents of these methods, there 
does not appear to be sufficient ore to justify this high initial cost. This 
73 
will be compounded if the grade or the tonnage is lower than what 
had been originally predicted. 
• The proposals all involve the use of several different mining methods 
within the same ore body. This leads to multiple development 
programs and great complication with the scheduling of equipment 
and miners. 
• There appears to be a wide range in the costing of similar operations 
within the different proposals. 
• Dilution and recovery are not well considered in any proposal, 
particularly in cases where there may be high grade stopes which are 
being mined using a mechanised mining method. 
• Ground control was treated in a cursory manner in all of the 
proposals. 
\ 
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9. UNDERGROUND ACCESS 
Of all decisions made in relation to an underground mine, the determination 
as to the location, size, shape and inclination of the underground access 
has the most far reaching consequences. 
The factors which need to be taken into account when making these 
decisions are25: 
• The location, pitch, size, shape and grade of the ore-body, 
• The expected rate of production, 
• The mining method employed, 
• Limitations, caveats or covenants which would preclude direct 
access from the surface to the ore-body, 
• Other engineering design criteria such as ground stability, 
ground water inflow or the presence of old workings. 
If the hypothesis that one of the most attractive sections of the field will be 
in the Central area and encompassing the Garden Gully, Sheepshead and 
New C hum lines is accepted, a number of pre-existing factors will influence 
the final design of the underground access. The production from the mine 
will have a major effect on the size and type of underground access. 
The annual production of a mine is determined by a number of factors. 
Hartman suggests: 
"A variety of geologic and economic conditions determines the 
optimum rate of production from a mineral deposit of known reserves, 
Hartman H.L. "Introductory Mining Engineering" USA., John Wiley & Sons, 1987 p. 290 
\ 
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O n the N e w C h u m anticline, the doming is more acute than on the other 
two lines. The top of the dome occurs between the Shamrock and the New 
C h u m Consolidated mines with the doming pitching up to 20° both to the 
North and South of that zone. 
The significance of pitch in relation to this work is that it is possible for 
mechanised equipment to work along the bottoms of the cap of the reef at 
the quartz/sedimentary interface. This would apply for pitches of up to 20°. 
However, in parts of the Hustlers' line, the angle of pitch is up to 50° which 
would be too steep for the operation of mechanised equipment. 
The size and shape of the ore bodies in the Central part of the field has 
been considered generally when examining the geological features. They 
must be examined in more detail at this juncture. 
On the three major lines in this area production has mainly occurred from 
the caps and neck reefs, East legs and spur zones coming off the footwall 
of East the backs. Further South on the Sheepshead line, a major system 
associated with West legs and backs was exploited in the area of the N e w 
Red White and Blue Consolidated mine at around 250 m from the surface. 
In places, these spurs were worked up to 12 m. in width and to a height of 
up to 50 m. The value of these spurs was low. A similar system worked at 
450 m. in the latter stages of the mine's operations had a recovered grade 
of 5 grams per tonne. 
There are three alternatives which may be considered for obtaining access 
to this block of ground. 
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They are: 
• Decline access, 
• Shaft access, 
• Shaft access with decline off the bottom. 
In assessing the advantages and disadvantages of each of these options, 
a series of criteria needs to be established and each of the options 
measured against this. The criteria to be used in this exercise will be: 
• Availability of a suitable portal location, 
• Capital cost of establishing the facility, 
• Operating cost per tonne of material hauled to the surface, 
• Suitability to modern mechanised mining techniques, 
• Engineering considerations. 
Decline Access 
Portal Location 
A decline to access the Western component of the central part of the field 
to an initial depth of 1000 metres could be located at any convenient 
location within a radius of seven kilometres of the desired final location. 
This distance would be naturally predicated upon a 1:7 decline grade. This 
figure would in fact be on average a little closer to 1:8 depending on the 
actual number of curves and takeoff points along the length of the decline 
which are normally constructed at a much flatter grade than the 1:7. The 
size of the decline would be 5 metres by 5 metres. 
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A s this central area of the field has a great deal of residential and 
commercial development on the surface, it would be highly unlikely that a 
treatment plant could be built in the vicinity. The plant would therefore have 
to be located well away from this area. If the plant was built within the 
seven kilometre limit imposed by the decline, it is conceivable that the 
portal of the decline could exit at the mine treatment plant itself and 
therefore obviate the need for additional road haulage from the mine to the 
plant. 
Capital Costs 
Decline construction costs are well known28. The costs depend on the size, 
length and the ground conditions of the host rock. In particularly bad or 
unstable ground, the cost of decline development will escalate with 
additional support, bolting, mesh or concrete to be added to the cost of the 
project. The flexibility of decline design can mean that the route that is 
taken offered the best geotechnical environment so that the overall cost 
estimate can be maintained. 
A basic outline of the per shift costs for driving a decline is set out in Table 
7. With an average advancement of 2.4 metres per shift, this would give an 
overall cost per metre of $2,535. There is a substantial cost in establishing 
the portal of a decline and this must be added to the overall cost of driving. 
28
 In this section dealing with indicative costing of projects, the empirical data has been drawn from 
Noakes, M. and Lanz, T. (eds.) Cost Estimation Handbook for the Australian Mining Industry. Monograph 
No. 20. Melbourne: Sydney Branch Australasian Institute of Mining and Metallurgy, 1993. 
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ITEM 
Labour 
Machine Hire 
Fuel 
Drilling 
Consumables 
Ventilation 
Supervision 
Maintenance 
Services and 
pumping 
Ground 
support 
TOTAL 
DETAILS 
3 miners 
3 machines 
(Bogger, Jumbo, 
Truck) 
Diesel 
bits, shanks, steels 
Fan 
Supervisor 
Fitter and consumables 
pumps, power lines etc 
Mesh, rockbolts etc. 
UNIT C O S T 
$350/shift 
$1200/shift 
60 cents/litre 
17cents/kWh 
$400/shift 
NUMBER 
3miners/shift 
3 machines 
300 litres 
75kW 
1 supervisor 
TOTAL COST 
$1,050.00 
$3,600.00 
$180.00 
$100.00 
$153.00 
$400.00 
$300.00 
$100.00 
$200.00 
$6,083.00 
Table 7 Decline construction cost per shift for a 5m. X 5m. decline, (after Triad Minerals Decline Costs 
Estimates 1993) 
The box cut and the first 6 metres of driving have been estimated by 
Kellermann and Clark 29 to be $445,000. Therefore the total cost for the 
development of the 7500 metre long decline would be: 
7500 metres X $2535 (per metre) + 445,000 = $19,457,500 
In addition to the cost of constructing the decline, there are other capital 
costs. These include equipping the decline with ventilation, electrical power, 
road surface material and permanent ground control. A road grader would 
need to be acquired for roadway maintenance. 
29
 Kellermann, B. and Clark, E. "Underground hardrock mining capital" in Noakes, M. and Lanz, T. op, 
cit. p. 50. Kellermann and Clark also confirm the overall cost per metre calculations for driving a decline at 
being between $2,500 to $3,000 per metre. 
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Thus the final cost of the construction of the decline would be in order of 
$20,000,000. This is the sort of speculative investment taken by medium 
to large publicly listed mining companies. 
Operational Costs 
The operating costs of a decline are not as clearly quantifiable as for a 
shaft. In some cases, there is a straight operational cost. This would include 
additional ventilation required for the decline or the maintenance costs of 
roof support and maintaining the roadway. 
There are comparative costs in which additional expenditure is incurred by 
using a decline rather than a shaft. The additional time taken in moving the 
mined ore from the stope to the surface is an example of this. In a shaft 
accessed mine when the winder is hoisting ore, less time is taken 
There is a third area of costs in a decline which shows a real operational 
cost but this is offset, either partially or fully, by savings in other areas. The 
cost of trucking ore from the working area to the mill would be seen as part 
of this cost. While there is a comparatively high cost in moving the material 
from the stope to the mill, there are also savings. If the portal of a decline 
is at the mill, savings are made in not requiring road trucking facilities, by 
reducing the amount of double handling and in not being required to pay for 
road maintenance by local government authorities. 
By far the largest of these items will be the cost of removing the ore to the 
surface. This involves, loading, hauling and delivering the ore to the plant. 
/ 
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In a recent study, McCarthy30 suggests a figure for loading and hauling ore 
up a 1:7 decline to 500 metres in depth as being $3.20 per tonne. In the 
Bendigo example, the loading cost of $1.39 31would remain constant but the 
operating cost of hauling up a 1000 metre deep decline would more than 
double because of the difficulties associated with the overall length and 
depth of the decline. This would make the total operating cost of the decline 
in the order of $5.50 per tonne. 
If an estimate of an additional $1.5032 per tonne accounted for the other 
operational costs such as ventilation, road and decline maintenance, 
additional light vehicles, additional pumping etc., this would mean an 
approximate overall operating cost for the decline of around $7.00 per 
tonne33. 
$3.20 Hauling and loading from 500 metres per tonne 
$1.39 loading costs per tonne 
= $1.81 haulage cost alone per tonne 
X $2.25 for 1000 metres haulage per tonne 
= $4.07 sub-total 
+ $1.39 loading cost per tonne 
+ $1.50 operational cost of the decline per tonne 
$6.96 total cost per tonne 
30
 McCarthy, P. L. op.cit. p. 94 
31
 McCarthy, P.L. op cit p. 94 
32McCarthy P.L. op cit p. 95. 
33
 ibid 
k 
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Shaft Access 
Both capital and operational costs need to be assessed in examining the 
shaft access option. The shaft would be used to bypass the reef workings 
in the existing mines and have direct access to lower ore bodies. 
While there is a great deal of surface development in the vicinity of the 
workings, there would be a number of suitable locations which would 
provide viable access to the three anticlines. 
Considering the surface land uses in the immediate area of the ore bodies, 
it would be unlikely that a processing plant could be constructed at the shaft 
head. There would be some double handling of the ore from the shaft to a 
processing plant some distance away. This would in itself represent an 
additional cost to the operation. 
Capital Cost 
In a relatively modest tonnage operation, producing 96,000 tonnes per 
annum as described on page 75, the hoisting requirement of the shaft 
would not be excessive. A concrete lined circular shaft in the order of 4.5 
metres in diameter would cost in the order of $14,000 per metre to 
construct. To this would need to be added the costs of the winder, 
headframe, bins, shaft appliances and the like. Kellermann and Clark34 
suggest that a total cost of $19,500,000.00 would represent a reasonable 
first pass estimate at the cost of constructing this facility. 
Kellermann and Clark op. cit. p. 55 
/ 
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Operational Costs 
The cost of haulage up the 1000 metres shaft needs to be considered. It 
includes the cost of labour, energy and consumables. The last item is 
relatively small compared to the first two costs. 
Labor involves winder drivers, bracemen, platman and maintenance 
support. The energy requirement is that used in conveying the ore and 
waste from the loading station to the surface and the consumables includes 
grease, winder rope, bearings and other items which have to be replaced 
as a matter of course during the operation. 
The cost of labour would be four winder drivers to give continuous manning 
of the winder when operations are occurring underground. One 
maintenance person is allocated. Assuming that there will be self loading 
and tipping arrangements, there is no need for a brace or platman. 
Provision has been made for an additional supervisor. 
Each of the winder drivers will cost around $50,000 each per annum as will 
the maintenance person. The supervisor will cost $60,000. This gives a 
total wages requirement of $260,000. 
The actual energy cost will vary depending on the type of winder, size of 
skip, hoisting time etc. It is not the intention of this work to fully design the 
hoisting system, but rather establish some indicative costing. 
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Chattergee and Wetherall35 have calculated a winder configuration for 
hoisting eight tonnes of stone up a 450 metre shaft. The R M S power 
requirement for the hoisting is 600 k W and the cycle time is slightly less 
than 60 seconds. 
In this case the wind depth is 1000 metres so that the winding time will be 
doubled. The 200,000 tonnes hoisted per annum will take 2 minutes per 
cycle to hoist eight tonnes or a total of 833 hours per annum. As it is a 
balanced double drum winder which was described, there would be little 
increase in the overall power requirements. Therefore the power cost for 
the hoisting will be in the order of: 
833 (hours) X 17(cents per kilowatt/hour) X 600(kW) 
=$84,966 
Therefore the total labour and energy costs of operating the winder is 
$344,966. If w e add an additional 1 0 % per maintenance costs which will 
give a figure of around $380,000 total operating costs per annum or, for 
hoisting 200,000 tonnes, $1.90 per tonne. 
This figure is indicative and substantial savings could be achieved by: 
• hoisting at night (when the energy costs are 2.7 cents per kilowatt 
hour), 
• by the use of an automated hoisting system thereby saving on the 
cost of the winder drivers 
35Chattergee, P.K. and Wetherall, P.J .Winding Engine Calculations for the Mining Engineer Brisbane 
university of Queensland Press. 1981 p 35-ff 
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• by design optimisation. 
It can be seen from the above figures that in terms of capital cost, the 
decline and the shaft are comparable, both in the order of $20M. 
However in terms of hauling material from underground at such a depth, the 
shaft is less than one third of the cost of the decline. McCarthy36 states the 
widely held view that below 500m. the cost of using diesel haulage up a 
decline becomes a significant one. 
There is another important consideration in deciding between shaft and 
decline haulage. 
Many of the mines on the Bendigo Goldfield were interconnected, both 
along the anticlines and between them. In the much worked central part of 
the field, there exists a large reservoir of water held in shafts, levels and 
stopes and if any of the new workings were to intersect these openings, 
inundation of the workings would result from this huge volume of water. The 
water table is quite close to the surface. Water actually flows from the 
mouths of several shafts. 
If the decline were to be constructed over a total distance of 7000 metres, 
particular care would need to be taken to ensure that not only the 
excavation did not intersect any old workings but also that there were 
sufficiently large pillars left between it and the old workings. This would 
require a detailed examination of the plans of all of the mines in the vicinity 
McCarthy, P. L. OP. cit. p.93 
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of the proposed path of the decline as well as investigative drilling along its 
route. 
With regard to the question of old workings and water, a shaft is in a far 
better situation. The shaft can be sited well clear of the anticline, where 
much of the work was performed, old records can be examined to check for 
the presence of old workings and a full site investigation undertaken. 
Vertical investigative drilling using a diamond drill can then be undertaken 
to assure the developer that the new shaft would not intersect old workings. 
There are both advantages and disadvantages in re-opening existing shafts 
to access the target area rather than sinking a new one. There are a 
number of shafts in the general vicinity of the target area which would 
appear to be suitable. Such shafts as the Victoria Quartz on the N e w C h u m 
Line at Victoria Hill, the Hercules shaft on the Sheepshead line, the Victory 
and Pandora or the Carlisle United both on the Garden Gully line could be 
re-opened. 
Certainly the advantages are clear. These shafts are all on Crown land 
which has been reserved for mining purposes. They are all close to the 
target depths to which the new shaft would need to be sunk. They have all 
been concrete capped and not backfilled. 
Experience has shown that the lining of many shafts below the water table 
is likely to be intact and that the major restoration work required is around 
the collar and down the first 30 metres or so. This work is often completed 
for less than $1,000,000 and even after re-equipping and re-servicing the 
shaft, less than $5,000,000 has been expended. Although the work is 
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specialised and dangerous, contractors are available to perform such work. 
The drawbacks in the case of the Bendigo goldfield are the water, the very 
small size of the shaft, the high cost of operating in timber lined rectangular 
openings and usually its placement. 
The ore handling capabilities of these old shafts are low. A modern shaft 
equipped with skips can carry more material faster and with less 
maintenance than could an old shaft which has been modified in an attempt 
to do the same operation. A typical size would be 3.3m. X 1.2m. divided 
into three compartments. It would be virtually impossible to take modern 
trackless equipment down such a shaft without complete disassembling 
and cutting up of the equipment. 
The ventilation requirements of a modern mechanised mine also make the 
use of these small shafts difficult. Although this matter will be discussed in 
greater detail later in this work, the fact that an old shaft has an area of less 
than 4 m2.whereas a 4.5 m. diameter circular shaft has an area of 16 m2. 
means that the ventilation requirement of the mine can be much better 
served with the larger opening. 
Shaft with a decline off the bottom. 
The option of using a shaft with a decline off the bottom may be the best 
choice for this project. There needs to be lateral development off a shaft to 
access the ore body. This may be either level or decline. If rail bound 
equipment is used in the mine this development must be, in practical terms, 
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level. Rubber tyred mobile equipment is not restricted in this manner and 
therefore the lateral development may be an incline or decline. A 1:5 
decline may be used, although 1:7 is generally favoured. 
The pitch of the Bendigo ore bodies will vary considerably and therefore the 
development openings can follow these pitches by declining along the 
bottom of the legs. It is therefore far more versatile than using rail bound 
equipment which must run along flat laid rails. If the ore is plunging beneath 
the rail level, winzes must be cut or the shaft deepened to get to it. 
Additional plats must be installed. O n a day to day basis, rail bound 
equipment is effectively locked into the level on which it is placed. 
Therefore there will be a duplication of equipment along the different levels. 
The decline can cross to the other anticlines as well as the one which is 
being worked and thereby access additional ore bodies all from the one plat 
at the bottom of the shaft. The rubber tyred equipment can work at any level 
to which there is decline access. This means a greater productivity from 
each individual piece of equipment. 
In summary, the shaft allows quick and direct entry to the ore zone at depth. 
The decline driven off the shaft bottom gives the versatility to access the 
various ore bodies which occur in that zone. 
Planning, Permitting and Environmental Considerations 
There are several other considerations relating to the establishment of shaft 
access. They all have a real cost associated with them and all relate to 
planning/environmental issues. 
I 
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These include: 
• Permitting process, 
• Environmental issues, 
• Dewatering, 
• Water treatment, 
• Noise from hoisting, 
• Noise from treatment plants. 
The permitting process is laid down by various State and Local statutes. 
The major Acts governing the establishment of a major mine facility are The 
Mineral Resources Development Act 1990, The Planning and Environment 
Act 1989, the Environment Protection Act 1989 and the Environment 
Effects Statement Act 1976. There are, in addition, many other pieces of 
legislation which may have some bearing on the establishment of the mine 
infrastructure. These include laws relating to building regulations; the 
storage and handling of poisons, explosives and fuel; land clearing; 
Aboriginal or historical relics; public health and a host of other items, 
The process for this permitting will be : 
• Obtain a legal mining title to the area. This would be a Mining Licence 
issued under the Mineral Resources Development Act, 
• Obtain appropriate planning permission from the local government 
municipality, 
• Produce an Environmental Effects Statement, 
• A discharge permit from the Environment Protection Agency for 
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dewatering is required.37. 
This process can take 12 months or more to achieve. Operators in Central 
Victoria have spent between $200,000 and $1,000,000 in obtaining the 
necessary permits. 
Environmental and planning issues generally will be related to the following 
areas: 
• Noise from shaft operations, treatment plant, ventilation fans 
• Water pumping, 
• Noise and vibration from blasting, 
• Surface trucking issues, 
• Siting of plant and access openings, 
• Tailings storage, including odours, land degradation and landscape 
changes, 
• Historical issues relating to relics and landscapes. 
In most cases these issues will be dealt with as part of the permitting 
process. These conditions could be imposed by one or more of the 
agencies involved. The conditions will normally be project specific and be 
designed to directly deal with the issues. An example of this type of 
environmental conditioning would be : 
• specifying a trucking route from the mine to the treatment plant, 
• specifying the location of the plant or shaft access, 
37Laidlaw, N. and Sandner, R A Study of the Victorian Mineral Resources Development Act 1990 
Melbourne, Imprinta Press, 1991 pp.78 ff. 
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• limiting the allowable noise from operations to the nearest residence 
• specifying the water treatment regime, 
It is reasonable to assert that as mining is a legitimate activity and that the 
land is available for exploration and mining, the outcome of the conditioning 
process will provide an avenue to allow for the mine to go ahead, albeit 
under possibly very stringent conditions. 
The closer the mine is to built up or residential areas, the more likely that 
the conditions imposed will be quite strict in an effort to limit the side effects 
on the surrounding householders. 
Good design and engineering will solve many of the problems. Chutes can 
be rubber lined to alleviate the noise of rocks falling, cyanide regeneration 
can eliminate the smell of cyanide coming from the tailings dams, shielded 
lighting will reduce the glare and intrusion from security lighting, motors 
and equipment may need buildings or sound proof enclosures to reduce 
noise, polymer coatings on unsealed roads cut out the dust problem, 
bunding around spoil heaps and facilities will reduce noise and intrusion 
on the landscape. Trees are easy to plant and maintain and will be seen as 
a positive gesture by environmentally aware neighbours. 
One area of particular importance to underground mining in Bendigo will be 
the overall management of water. There are a number of considerations 
which must be taken into account in relation to this matter. 
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They are:38 
• The volume and quality of the mine water to be pumped, 
• The necessary pumping rates, 
• The most appropriate site (or sites) from which the pumping can take 
place, 
• The means of conveyance of the water to the point of discharnp 
• Final disposal options. 
The volume of water will be made up of the standing water in the old 
underground excavations plus the overall recharge into the system. The 
potential volume of water can only be estimated. The stopes themselves 
in the central area have produced at least 5,000,000 tonnes of ore above 
the 1000 metre horizon. This volume in itself would represent 1,900 
megalitres. It is conceivable that a comparable volume of waste material 
has been excavated in various development openings. This would mean a 
potential volume of 3,500 to 4,000 megalitres would be occupying the old 
workings. 
The rate of pumping can be kept quite high when there is a direct 
connection between the mines. Where no such connection exists, the 
inability of the geological structure to allow water to pass along it could 
inhibit the pumping rate. 
The best place to put the pumps will be in some form of old workings, 
either accessed through an existing shaft or through a borehole that has 
Sweet, K. Mining 1 Trust Publications Perth 1984 pp. 16.1 ff. 
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been drilled into one of these openings. Multistage submersible electric 
pumps can be lowered into the openings. A pipeline would be laid between 
the pump headwork and the point of final discharge. 
It is certain that miners operating on Bendigo at the end of the twentieth 
century cannot simply discharge their mine water into natural watercourses. 
At best it would have to be treated for typical impurities such as Arsenic, 
Manganese, Iron or Sulphur minerals. Save for distillation or reverse 
osmosis filtering (neither of which are economically practical at this stage) 
there is no effective way to remove the dissolved salt from the mine water. 
The water management regime will be designed to address the particular 
pollutants which the ground water naturally contains. Having accumulated 
in underground openings, there is often a buildup of the contaminants in 
the standing water. 
Treated water may be allowed to be discharged into creeks or rivers, 
although the current political climate relating to dryland salinity in Northern 
Victoria where any saline water from the Bendigo Mines will finally end up, 
almost rules out any off site discharge. 
The normal weather pattern for this region means that there is almost one 
metre of net water loss on pan evaporation over a twelve month period.39 
Therefore if the company builds sufficient dam storage to take account of 
that loss, the mine water can be evaporated without any off site discharge. 
'Bureau of Meteorology Annual Rainfall and Evaporation Statistics Government Printer Canberra 1991 
\ 
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If an evaporation dam has a surface area of 50 hectares, this would equate 
to 500,000 m 2 . With a 1 metre net loss over that area, this would means 
that 500 Megalitres could be evaporated over the 12 month period. Adding 
aerial spraying of the water in the form of a fine mist will greatly enhance 
the evaporation rate. 
The cost of permitting and environmental compliance is difficult to estimate, 
particularly in this hypothetical study. Conditions are not known, the location 
of the shaft, treatment plant or evaporation ponds have not been 
determined. In 1987, Hartman40 suggests that a figure of U S $ 0.42 to 
US$1.32 per tonne is the range for environmental compliance. (A$ 0.56 to 
A$1.76). For the projected 1,500,000 tonnes of production for the mine in 
this study the $1.76 should be updated to at least $2.00 per tonne. The 
higher figure should be used for a small tonnage operation thus providing 
$3,000,000 for permitting and compliance. Although the specific details of 
this items will vary from mine to mine, Garner41 is in general agreement with 
these figures. This item is treated as a capital cost. 
^Hartman op cit p. 100 
41Garner, E.L" Infrastructure Costs" in Noakes and Lanz OP cit p. 221 - 222. 
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10. SELECTION OF A MINING METHOD. 
When selecting a mining method for any particular operation, the following 
criteria needs to be examined:42 
• The size, shape and inclination of the ore body, 
• The distribution of the minerals within that ore, 
• The strength, hardness and durability of the ore and the walls, 
• The depth of the deposit, 
• Any special features associated with the ore, the minerals or the 
host rock. 
In the case of the proposed stopes on one of the reefs associated with the 
anticlines in the central part of the Bendigo goldfield at a depth exceeding 
1000 metres, some of this information is available. 
1. Size, shape and inclination of the ore body. 
It may be assumed that the target lodes are similar to a number of reefs 
which were previously encountered along the Garden Gully line. 
The Pandora lode which was around 225 m. in the Sea mine and pitching 
Sweet, op cit ch 5. 
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North along the line appears to be representative of one type of quartz ore 
body which will be encountered. This reef is shown in Figure 30. 
PANDDRA REEF 
751' 
808 
30 
metres 
Figure 30. Pandora Reef, Sea Mine at the 225 m. level (after Whitelaw 1918). 
This ore body was mined on the East leg and the cap for over 2000 metres 
along strike by a number of different companies. Up to 350,000 tonnes 
were mined from this reef. The width of the cap is 8 m. and the maximum 
height is 5 m. The reef sits astride the anticlinal axis with well defined legs 
and cap with no neck structure. The legs extend downward 20 metres and 
have an average mining width of more than one metre over most of that 
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distance. The reef pinches off toward the bottom. This reef was a consistent 
payer if not especially rich. A grade of perhaps 6 to 10 grams per tonne is 
indicated. Keeping dilution as low as possible would be required to maintain 
the grade of ore coming from such stopes. 
0 
metres 
Figure 31. Ladams Reef, Unity Mine, 100 metre level (after Bendigo Amalgamated Goldfields). 
Ladams reef was worked along strike for a distance of over 1500 metres. 
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This reef is illustrated in Figure 31. The gold occurred mainly in the cap and 
East legs of the reef. The cap and East leg structure are ill defined and 
seem to merge into each other. The height of this quartz was over 60 m. in 
the cap/East leg area. The faulted West leg seems not to have been 
payable. In excess of 500,000 tonnes of ore were mined from Ladams Reef 
at a grade approaching 30 grams per tonne. A tonnage of up to 2,000 
tonnes per lineal metre along strike was obtained from sections of Ladams 
Reef. With such a high grade deposit, high recoveries would be a 
necessity. 
The extraordinary returns in the early years of the Bendigo goldfield and in 
particular the Garden Gully line came from Ladams Reef. The Carlisle and 
the Kent are two mines which produced such yields43. The very high yields 
coming from Ladams Reef so close to the surface has somewhat over 
stated the whole attractiveness of the central section on the Garden Gully 
line. However, it attracted much investment into that area and was 
probably responsible for widespread exploration and development along 
that portion of the Garden Gully line in the hope of repeating the find. 
Without such an incentive, many of the other lodes such as the Pandora, 
43ln the matter of attempting to reconcile known or reputed returns from mines both in terms of tonnes 
produced and gold returned there are a number of factors which need to be considered 
1. In almost all cases, the return in gold production was the value of the metal sold to the bank arising from 
the stamper battery processing. No account was taken of table concentrates or losses to tailings. In the 
case of much unoxidised ore, the recovery may have been as little as 60 or 70 per cent. This then means 
that the grade figures quoted could be understated by one third. 
2. Tonnages from the whole mine as well as individual stopes were often not reported so it is hard to 
allocated a grade per tonne on a stope by stope basis. 
3. The returns from the early years of the mines or as often as not when the mines were privately held is 
very scanty. 
4. The tonnes or gold produced by tributers often in the dying days of the mine are virtually unknown. 
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Figure 32. The Victory Spurs, 397 m. level Cornish United Mine, (after Bendigo Amalgamated 
Goldfields). 
the Victory or the Unity may never have been found. In the spur zones, 
there was comparatively large tonnages although the grade was often less 
than in the other structures. The Victory Spurs were worked, as shown in 
Figure 32, in several mines along the Garden Gully line. These spurs were 
worked for over 1000 m. in length, a width of up to 10 m. and a height up 
to 60 m. More than 300,000 tonnes of ore were mined from these spurs. 
The grade varied greatly but the average was 10 grams per tonne. 
K 
& 
4f 100 
2553' 
UNITY REEF 
METRES 
Figure 33. Unity lode, 790 m. level Cornish United Mine (after Bendigo Amalgamated Goldfields). 
The Unity Reef was one of the deepest reefs worked on the Garden Gully 
line, in some mines highly profitably. 
The cap is 6m. across and 3 m. in height. The main values were carried in 
the East leg which was 20 m. high with an average mining width of 1 m. 
The gold in the legs occurred in shoots, with values exceeding 30 grams 
per tonne. This reef was prospected by a number of companies over a 
strike length exceeding 3000 metres but only high grade sections were 
mined. Less than 50,000 tonnes were mined. 
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In essence, the last four examples cover the most common types of ore 
bodies which are likely to be encountered in the selected area. They are: 
• Regular shaped saddles with large tonnages in the cap and legs, 
• Smaller saddles with modest tonnages in the cap and legs, 
• Large deformed caps and neck structures containing large tonnages, 
• Spur zones carrying large tonnages. 
2. The distribution of the mineralisation within the ore body. 
The distribution of mineralisation through these structures is irregular. The 
historical records of what was "payable" may not necessarily be a good 
guide as to what would be mined today as the overall comparative costs are 
lower. What was considered sub- economic in 1890 may not be so today. 
As some form of halo of low grade gold ore will exist around the 
concentrations of mineralisation which had been described as payable in 
the past, it is reasonable to assume that in a reef with a defined shoot of 
high grade ore, there will be a larger tonnage of lower grade material 
described in 1990's terms as payable. 
For example in an East leg, in a block of ore 25 m. long, 20 m. high with an 
average mining width of 1.5 m. and an average grade of 10 grams per 
tonne, this would be 1950 tonnes of ore. If the volume of the block is sought 
for an average grade of 5 grams per tonne, the height and mining width will 
102 
not alter but the amount of ore containing this value may be 75 m. along 
strike, this being 5850 tonnes. This figure is based on a Specific Gravity 
(SG) of 2.6. A halo of lower grade material surrounds the high grade shoot. 
This possibility of a much larger tonnage at a lower grade opens up the use 
of a mechanised mining method where, although the selectivity will drop, 
the overall productivity will increase. This means a lower unit cost and 
therefore, all other things being equal, a much higher tonnage at a much 
lower grade can be economically mined. 
What is required of a stoping system is a degree of mechanisation 
providing lower operating costs but with some measure of selectivity so as 
to leave the larger blocks of unpayable quartz in the stope. A high degree 
of selectivity is not possible for most mechanised mining systems. 
3. The strength, hardness and durability of the ore and the country 
rock. 
Within the bedding planes of the anticlinal structures, the host sandstones 
and slates could be assumed to be fairly competent. Naturally, it is not 
possible to sample the ore and host rock in the proposed development area 
in a report of this nature. S o m e data is available however from the 
geotechnical material which Bendigo Mining conducted in the Deborah 
Reef Feasibility Study44. 
44
 Conlan, G. OP. cit. p. 12 
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Table 1 :Uni-Axial Compressive Testing «f 
l Diamond Drill Core Samples 
Core 
Name/No. 
BD8004/255.0 
BD7001/153.8 
BD20I0A/ 
256,7-256.9 
BD2010A/ 
I 251.2-251.4 
BD20O6/38.7 
Test 
Piece 
No. 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
1 
2 
Average 
Diameter 
mm 
47.4 
47.4 
47.4 
47.3 
47.4 
47.4 
47.7 
47.7 
47.7 
47.7 
47.7 
63.4 
63.4 
L/D 
Ratio 
mm 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.4 
1.4 
1.4 
1.8 
1.8 
1.5 
1.4 
COMPRESSIVE STRENGTH 
MPau 
Individual 
22.7 
32.9 
24.9 
76.3 
89.5 
65.7 
316.0 
330.0 
308.0 
199.0 
229.0 
111.0 
109.0 
a — — in 
Average 
26.8 
77.2 
318.0 
214.0 
110.0 
Rock 
Type 
3 LATE 
SLATE 
SANDSTONE 
SANDSTONE 
OXIDIZED 
SANDSTONE 
Table 8. Uni-axial compressive tests on Bendigo diamond drill core (after Conlan). 
Note The number following the sample number in the left hand column is the depth at which the sample was 
obtained. 
Table 8 describes uni-axial compressive strength tests which were 
conducted on five diamond drill cores. The depth at which the sample was 
taken is indicated in the left column after the sample number. 
There is not a great deal of conclusive information which can be drawn from 
this data. However the following general conclusions can be made: 
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• The host rock in the oxidised zone is weaker than the material taken 
from a greater depth, 
• The overall strength of any of the rock tested is quite high and on the 
face of it competent, 
• The slate material has a generally lower compressive strength than 
the sandstone, 
• While the deepest sample taken is from 250 metres and this study 
is proposing operations at four times that depth, there is no 
significant geological feature that would alter the overall competency 
of the material within the Ordovician sequence which extends to 
much lower depths than w e can contemplate in this study. 
Thompson45 suggests that the CSIR46 stand up time for this type of ground 
is in the order of six months. Hinde47 confirms this assessment. 
Whitehead48 quotes an unconfined compressive strength of a Bendigo 
quartz sample as being 90.4 MPa. 
In summary, both ore and host rock from the Bendigo field would be 
45
 Thompson, H. op. cit. p. 18. 
46
 The South African Council for Scientific and Industrial Research. 
47
 Hinde, J. S. Geotechnical Conditions at the North Deborah Shaft. Unpublished report for Bendigo 
Mining N. L, 1988. 
48
 Whitehead, J. S. The applicability of tunnel boring machines in the construction of a decline in Bendigo. 
Unpublished report held by Bendigo Mining N.L., 1988. 
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described as hard. Additional testing would be required to confirm this 
conclusion. 
The major areas of weakness will occur with either faulting or tension 
gashes associated with the folding of the sediments. 
The major regional faults of the Whitelaw and the Sebastian fault as well as 
the major second order faults running parallel to the anticlines will be of little 
importance when discussing the localised rock properties as they are well 
removed from the target area of the field and do not cut across it. 
Cross, strike or thrust faulting will lead to localised discontinuities along and 
across the bedding which create unstable blocks of host rock that can be 
easily dislodged during development or stoping. The strike faults are the 
main source of the major spur systems which occur on the footwall of some 
legs. Since these footwall spur systems can be very large, the fracturing on 
the hanging wall above such spur zones could produce large quantities of 
disjointed material. 
The effect of the folding process through the creation of tension gashes can 
produce larger areas of weakness. As the anticlines have formed, major 
areas of weakness have been created vertically above the top of the hinge. 
This has created extensions to the caps of some saddles where the quartz 
has pushed up through the weakened zone to form a neck reef. Whether 
or not the neck has been formed, the tensioning of the hanging wall across 
the top of the saddle created major discontinuities in this whole general 
area. 
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The pressures which have formed the domes along the strike of the 
anticlines have added additional pressures into the hanging wall of the cap 
and created areas of weakness. In areas where the pitch of the saddle 
alters markedly, the localised discontinuities on that cap hanging wall are 
accentuated. 
Thus the overall summary of the rock conditions in the area of the mining 
is: 
• Both the ore and the host rock are classified as hard although this 
may vary according to the actual rock type, 
• Folding and faulting will create localised rock mass weaknesses in 
the backs and hanging wall, 
• The strike faults which have been associated with the formation of the 
necks in some saddle reefs may create significant areas of concern, 
irrespective of whether the neck has been formed or not, 
• The major primary and secondary faults of the Bendigo field are 
physically isolated from the area of interest of this study and their 
effect on the ground conditions would be negligible. 
4. The depth of workings. 
For the purpose of this work as has been outlined previously, the depth of 
the workings will be in excess of 1000 metres. 
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5. Any special features associated with the host rock, the 
mineralisation or ore body. 
With regard to this general condition relating to stope design, there is little 
which needs to be added to what has been previously outlined. 
Alternative Mining Methods 
Having characterised the different parameters needed to determine an 
appropriate mining method, it is necessary to examine a number of likely 
alternatives. 
In determining what is the best choice of mining method and taking account 
of the physical characteristics of the ore which were discussed previously, 
the following criteria would normally be used: 
• Capital costs of the system, 
• Operational costs of the system, 
• Practical application of the method. 
Table 9 lists various characteristics associated with a number of common 
mining methods. In examining the practical application of the methods and 
the various operational problems associated with them, the choice of 
mining method is made clearer. 
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METHOD 
Uphole retreat 
Shrink stoping 
Cut and fill 
Room and 
Pillar 
Open stoping 
Rill shrink 
stoping 
Breast 
stoping 
Slot stoping 
Sub level 
open stoping 
ORE 
WIDTH 
medium 
to wide 
medium 
to 
narrow 
medium 
to 
narrow 
medium 
narrow 
medium 
to 
narrow 
medium 
to 
narrow 
medium 
medium 
in wirte 
DIP OF ORE 
sub 
vertical 
sub 
vertical 
any 
flat 
sub 
vertical 
sub 
vertical 
sub 
vertical 
flat 
sub 
vertical, 
MECHANI 
SATION 
yes 
some 
yes 
yes 
no 
some 
some 
some 
yes 
HANGING 
WALL 
medium 
to good 
fairly 
good 
any 
good 
good 
fairly 
good 
good 
fairly 
good 
good 
COMPARATIVE 
OPERATIONAL 
COSTS 
low 
high 
medium 
medium 
high 
medium to 
high 
high 
medium 
low 
CAPITAL COST 
high 
medium to low 
medium 
medium 
low 
medium to low 
medium to low 
medium to low 
high 
Table 9 Comparisons of various mining methods 
Table 9 covers most of the popular mining methods used in high labour 
cost countries such as Australia.49 
Many of the methods are not applicable to the Bendigo ore bodies, because 
of the cost, dip of the ore body or ore width. 
The choice available is between two or more methods which would be 
working in different parts of the block, such as up hole retreat stoping in the 
caps and shrink stoping in the leg. 
Gemell, S. G. "Planning for Narrow Vein Mining" Narrow Vein Mining Seminar op. cit. p. 5 
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In assessing the previous mining proposals for working the Bendigo type 
ore bodies, the difficulties associated with using a number of different 
mining methods at the one time were discussed. These included: 
• The need for two different sets of development in the one block of ore 
to accommodate the two mining methods, 
• The separate equipment requirements for the different systems, 
• The complications associated with scheduling the whole operation, 
• Operational difficulties such as firing times, different ventilation 
configurations, training personnel in a number of alternative 
methods and equipment. 
The various methods listed in the above table can be grouped into four 
main categories. They are: 
• Mechanised methods of uphole retreat and sub-level open stoping, 
• Hand held methods of shrink, rill and open stoping, 
• Mechanised cut and fill, 
• Methods suited to flatter type deposits such as room and pillar and 
slot stoping. 
There are many local variations to these methods from mine to mine. 
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The methods applicable to the flatter type ore bodies are not really 
applicable in this case of the Bendigo saddle reef so they can be 
discounted at this stage. It is valuable to examine the three other groups in 
order to make a choice of the most appropriate mining method.50 
Uphole retreat and sub level open stoping. These methods are highly 
mechanised. They involve the development of drilling and mucking access 
to the ore as well as some pre stoping in-ore development. Large tonnages 
of ore are drilled and blasted. Both the drilling and mucking of the ore is 
highly mechanised. There is a high development cost to prepare the stope 
for mining but a very low mining cost as the operations are all mechanised. 
This method requires reasonably large tonnages to be effective because 
of the necessity to write off a high pre-stope development cost against the 
tonnes produced. There is little selectivity in this method. All of the material 
that is drilled and blasted is taken. This can lead to the inclusion of wall rock 
and other dilution. Ore is left in the stope meaning a recovery less than 
other mining methods where the miners are actually at the face. It is suited 
to large low grade ore blocks. Wall stability in the stope is essential. It is a 
highly popular mining method in both base metals and gold operations 
throughout the world. 
The various hand mining methods of shrink stoping, rill stoping, open 
stoping. All of the hand held methods excel in the areas where the 
previous method is poor. The amount of development to work the stope is 
small, there is good selectivity and recovery of the ore as the miners are in 
the stope actually working the face. Dilution is low for that reason. The 
'Hartman _op_cit pp336ff. 
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operating equipment is small, often air powered and requires low capital. 
The ore is worked from on top of previously broken ore in the stope or 
fabricated stages. As the miners are in the stope, there is always a problem 
with safety and ventilation. These methods suffer from low productivity and 
high unit operating costs. They are suited to narrow, high grade deposits. 
A highly skilled workforce is required for these methods. 
Mechanised cut and fill. This is a mining method which uses 
mechanised drilling and mucking but the miners are working the face in the 
stope. The ore is drilled, blasted and bogged. A working platform of waste 
material is then placed below where the ore was mined and used to access 
the next lift of ore. There is not a great height of the hanging wall 
unsupported as there is unmined ore above and fill below. This means that 
wall conditions are less critical for unsupported methods. As the method is 
mechanised, it has a fairly high capital cost although the development cost 
is much less than for mechanised longhole methods. Its unit operating 
costs are moderate lying between the longhole and the handheld methods, 
as is productivity, selectivity, dilution and recovery. 
With the extremely variable shape of the Bendigo ore bodies, a mining 
method which accesses the maximum amount of strike length for the 
minimum amount of development is preferable. Thompson's51 projected 
figure of 157 tonnes per metre of strike length may be optimistic. !n each 
method, the same amount of strike development along the reef is needed 
irrespective of the tonnages. Cut and fill is a method which keeps non-
productive development to a minimum. 
51Thompson, H. op. cit. p. 31. 
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There is one exception to the use of cut and fill in the Bendigo situation. 
Where very large tonnages of spur type material are encountered on the 
footwall of the legs in a deposit such as the Victory or Hicks spurs, it could 
be argued that one of the various long hole methods of stoping would be 
more cost effective. Cut and fill would certainly be a practical method for 
stoping this material but, as has been demonstrated previously, sub level 
open stoping is considerably cheaper if there are sufficient tonnages to 
justify the additional development required to set up this mining method. 
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11. BULK MINING OF THE SPUR ZONES 
Much of the mining of the Bendigo goldfield is characterised as narrow vein, 
but this is not always the case. In the spur zones and to a lesser extent in 
neck zones associated with major faulting around the caps of the reefs, a 
volume of material may exist in such a shape and quantity to allow for bulk 
mining methods. 
The Victory spurs on the Garden Gully line or the Hicks spurs on the 
Sheepshead line would be examples of this type of deposit as shown in 
Figure 34. 
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Figure 34 Idealised Cross section, spur vein deposit 
(after Thomas) 
The bulk mining method would be 
similar to that used in a host of wider 
ore bodies such as at Broken Hill, 
Cobar and Mount Isa to name just a 
few. 
in all these examples, the ore is 
mined using some form of longhole 
drilling and blasting. The blasted 
material is picked up at the bottom of 
the stope through draw points and 
hauled to the surface. 
A typical spur type deposit similar to 
those mentioned above may be 60 
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metres high, 10 metres wide and have a strike of more than 1,000 metres. 
With a Specific Gravity of 2.5, this structure could contain 1.5 million 
tonnes of material. Historically a grade of four to eight grams of gold per 
tonnes would be possible. 
In the past, these orebodies have had a flat or shallow strike to them not 
exceeding 10° The dip is usually steep in conformity with the bedding plane 
of the back from which they came. 
The orebody needs to be divided into convenient sized blocks for mining. 
This procedure is necessary to plan the orderly extraction of the various 
stopes. The size and location of each stope will be based on the maximum 
size that can be practically mined. 
The factors influencing the size of each stope will be:52 
• The dimensions of the orebody and its shape and inclination, 
• The distribution of the mineral through the ore, 
• The stability of the host rock, particularly the hanging wall, 
• The desired production rate and grade, 
• Considerations relating to the percentage of ore extraction and 
dilution. 
Hartman op cit pp. 336 ff. 
I 
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Orebodies suitable for longhole type wide reef stoping are not a common 
occurrence on the Bendigo field. There are sufficient examples however of 
the desired geological structure with its associated large tonnage to justify 
this examination. There is a certain attraction to an orebody that may 
contain several hundreds of thousands of tonnes that can be simply and 
cheaply mined. 
Longhole mining methods such as vertical crater retreat, sub level open 
stoping or sub level caving all require comparatively more development 
and a longer lead time in setting up the stope than many other methods. 
The lower unit cost which long hole stoping usually achieves occurs only 
when there are sufficient tonnes of ore that can be bulk mined and thus 
amortise the development and time associated with setting up the stope. 
If the design of a bulk mining system is applied to an orebody similar to the 
Hicks spurs, then the length would be more than 1000 metres, the height 
60 metres and the width 10 metres as shown in Figure 34. Individual stopes 
would be 60 metres in length, 60 metres in height and 10 metres wide 
which would equate to 90,000 tonnes per stope. Nine stopes would be 
sufficient to mine the full strike of the reef completely. The Eastern wall of 
the spur zone is the bedded reef or back and therefore provides a 
comparatively well defined and competent hanging wall. The Western side 
of the ore body is much more unclear as it will be where the spurs pitch out. 
The Western boundary of the stope will be not so much based on a 
geological formation but on the grade, percentage of quartz and a shape 
that can be readily mined using this method. 
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The gold will be distributed evenly through the quartz in the spurs although 
some higher grades may be encountered. There is little evidence that 
previous miners selectively mined the spurs in the past. That would support 
this contention of comparatively uniform grades. There is no evidence that 
the host rock carried anything but trace amounts of gold. 
For any long hole method to be successful, the stability of the walls of the 
stope is essential. If the walls fret, slab or collapse, unwanted dilution will 
be entering the stope and adversely affect the grade. At worst, there will be 
a major local failure and the stope or part of the mine will become 
unworkable. This would have very serious consequences. 
Until thorough testing including geotechnical drilling is embarked upon, a 
definitive assessment in a study of this kind is somewhat hypothetical. 
Nevertheless, some information can be examined and assessments made 
of the situation. 
• The host rock is hard bedded sedimentary material, 
• At least one wall of the stope is in the plane of the bedding of the host 
rock and this would be the hanging wall of the stope. 
• Inspection of quite large empty stopes at the Central Deborah Gold 
Mine reveal that even after fifty or so years, there has been minimal 
deterioration on the hanging wall. 
• The dip of the ore body is steep and thus minimising the stress on 
the unsupported wall rocks. 
Nevertheless, stringent efforts would need to be taken in the stope design 
and operating practices to reduce the possibility of wall failure. Such efforts 
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may include limiting the physical dimensions of the stope and thus the 
amount of unsupported walls open at any time. Of equal importance is 
whether adjoining stopes were filled or left open, the length of time the 
stope is kept open and working and the blasting practices within the stope. 
The danger in the Bendigo case is that the footwall will cause difficulties 
because it is not based on a clear geological boundary. S o m e rabbling of 
material could be tolerated from the footwall as it may be the ends of the 
quartz spurs and therefore be similar to the material mined. However any 
instability of the walls must be viewed with great concern and it would be 
through good design and work practices that this would be avoided. 
As far as the other important criteria of grade, production rate, dilution and 
extraction are concerned, much of the physical characteristics of the ore 
body will determine this. With an historical grade of four to eight grams, a 
production rate can be determined in line with the required cashflows and 
rate of return from the stope. As with most mines extracting medium grade 
material, dilution would be needed to be kept to a minimum and extraction 
as high as possible. 
With the height of the orebody being say 60 metres and a width of say 10 
metres, a method of sub level open stoping would be the preferred longhole 
mining procedure. Sub level caving is only used where the host rocks are 
weak, and uphole retreat in those not as high as 60 metres. 
The development required for this type of mining method is as follows: 
• A drive is put in usually along the hanging wall of the ore body, 
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A ramp is driven between the main footwall drive and the sub level, 
A sub level is driven in ore along the length of the stope, 
O 10 20 30 
M E T R E S 
R a m p access to fc>e constructed 
between ssuto level and main level 
Slot rise 
S u b level! for drilling 
Main level 
Undercut in ore 
Drawpoints between maiim 
• level and undercut 
(only one shown) 
Basic development associated with 
sub level open stoping 
Figure 35 Conceptual development requirements for sub-level open stoping. 
• The whole of the ore between the drawpoints is mined to form an 
undercut, 
• A slot rise is taken from the undercut to the top of the stope, passing 
though the sub level. This is usually at one end of the stope 
The stope is ready for mining. Each slice of the ore that is to be blasted 
initially into the slot rise is drilled. It is fired and the broken material is 
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bogged from the drawpoint. As a greater void space is established by the 
firing of successive rings, more rings can be fired in each blast until the 
swell factor of the unbroken material will occupy the whole of the voids in 
the stope. At that stage the remaining rings are blasted. Mucking proceeds 
from the drawpoints until all of the available ore is drawn. The stope is then 
finished and is either filled or left open. 
The primary stopes are those mined first. The secondary stopes are mined 
last. There would be a rib pillar left, to increase recovery and reduce 
dilution and aid the overall stability of the area. For each 60 metre stope, 
the following tonnage is likely to be produced. This assumes 8 5 % ore 
recovery from the stope. 
60 X 60 X 10 X 2.5 X 0.85 = 76,500 tonnes 
The following table describes the development necessary for each stope 
Development 
Main drive 
Ramp to sub level 
Drawpoints (12) 
Undercut 
Slot Rise 
Sub level 
Dimensions 
HXWXL(m) 
4.5X4.5X60 
4.5X4.5X280 
4.5X4.5X96 
4.5X10X60 
60X10X2 
4.5X4.5X60 
Tonnes 
3037.5 
14175 
4860 
6750 
3000 
3037.5 
Waste/Ore 
Waste 
Mainly waste 
Waste 
Ore 
Ore 
Ore 
Table 10 Waste and ore calculations 
Thus: 
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Tonnes of waste mined 
Tonnes of ore mined 
22072.5 
12787.5 
However, it would be likely that the ramp access to the sub level can be 
shared between several stopes, in this case three. This would equate to an 
overall tonnage of waste mined per stope of 12,622.5 tonnes, ore mined 
during development would be 12,787.5 and a maximum of 63,712.5 tonnes 
left for stoping. 
The costing of the pre-stope development including the main drive is as 
follows: 
Development 
Main drive 
Ramp to sub level 
Drawpoints 
Undercut 
Slot rise 
Sub level 
Quantity 
60 m. 
280 m. 
96 m. 
2700 m3 
1200m3 
60 m. 
Unit cost ($) 
1071.00 
1071.00 
1260.00 
22.50 
22.50 
1071.00 
TOTAL 
Total ($) 
$ 64,260.00 
$ 299,880.00 
$ 120,960.00 
$ 60,750.00 
$ 27,000.00 
$ 64,260.00 
$ 637,110.00 
Table 11 Costing of pre stope development 
The total cost of the development per tonne of ore mined would be 
$637,110 / 78,500 t = $8.11 per tonne 
On to this cost must be added the stoping, loading and trucking cost. For 
121 
an 80,000 tonne stope of similar dimensions, McCarthy53 suggests a figure 
of $16.30 per tonne and, after taking both mining and development costs 
into account, a cost per tonne of $24.44. Gemell54 suggests that an 
additional $8.45 should be allocated to cover mine services, supervision 
and administration. Thus the total mining cost is $32.89 per tonne 
The total production costs for the operation must also include the cost of 
the initial access into the orebody (be it either shaft or decline) and the cost 
of milling the ore as well as the final percentage recovery. 
The following table represents the cost of production of the ore plotting 
depth of workings against total tonnages for the mine. 
DEPTH 
(M) 
200 
250 
300 
350 
400 
450 
500 
('000)TONNES 
100 
$96.39 
$106.02 
$115.64 
$125.27 
$134.89 
$144.52 
$154.14 
200 
$67.17 
$81.95 
$86.77 
$91.58 
$96.39 
$101.20 
$106.02 
400 
$61.12 
$69.92 
$72.33 
$74.73 
$77.14 
$79.55 
$81.95 
700 
$59.57 
$64.77 
$66.14 
$67.52 
$68.89 
$70.27 
$71.64 
1,000 
$59.04 
$62.70 
$63.67 
$64.63 
$65.59 
$66.55 
$67.52 
1,500 
$58.65 
$61.10 
$61.74 
$62.38 
$63.02 
$63.67 
$64.31 
2,000 
$58.45 
$60.30 
$60.78 
$61.26 
$61.74 
$62.22 
$62.70 
Table 12 Total costs of production per tonne in A$ calculated from size and depth of deposit. 
'McCarthy ibid. 
'Gemell, S "Underground Hardrock Operating Costs" in Lanz, T. and Noaks, M. op. cit .p. 300. 
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A number of assumptions have been made in order to limit the number of 
variables existing in this calculation. They are a real cost of $19,250.00 per 
vertical metre for shaft access. If decline access was to be considered , a 
similar figure for the cost per vertical metre would be involved.55 The milling 
cost is $25.00 per tonne. Longhole stoping is assumed to be exclusively 
used (based on the above costs).There are several conclusions that can be 
drawn from this table. 
• On large tonnages, the depth of the workings has very little effect on 
the total production costs per tonne, 
• In small tonnage deposits, the costs escalate rapidly as the depth 
increases. This is because in the small to medium sized deposits, 
development costs are a major item of expenditure and there are 
comparative fewer tonnes against which to write off this cost, 
• With an overall trucking and stoping cost of $32.89, this mining cost 
represent less than half of the total cost per tonne of the operation in 
every case and in the smaller tonnage mines, it represents less than 
one fifth of the total. Efficiencies in the mining method have 
comparatively less effect in both absolute terms and on a per tonnage 
basis. 
In conclusion, there may be a place for large scale mechanised mining on 
the Bendigo goldfield. It is likely to occur in the footwall spurs or extended 
"Kellermann and Clark op cit. p 50. These authors suggest that the cost of driving a decline will be 
between $2,500 and $3,000 per lineal metre. If a 1:7 grade is used, then this would represent a range of 
$17,500 to $21,000 per vertical metre. 
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neck/cap structures. While there is some concern about the stability of the 
footwall side of the stope, the hanging wall along the bedded reef or "back" 
is ideal for this style of mining. Accepted techniques of drilling, blasting and 
mucking ,would be used to mine the ore. The final deciding factor as to the 
applicability of this mining method would be the depth and size of the 
orebody. 
On a deposit of 2,000,000 tonnes at a depth of 500 metres, the total cost 
of production would be of $62.70 per tonne. If gold was $17.00 per gram 
and with a 9 0 % mill recovery, this would mean a break even grade of 4.1 
grams per tonne. That is, on average, 4.1 grams of gold would need to be 
contained in each tonne of ore mined to completely cover all of the costs 
associated with the development, mining, transport and milling of that ore. 
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12. GENERAL DESIGN OF CUT AND FILL STOPING 
ON BENDIGO OREBODIES 
The cut and fill method of stoping would be most appropriate for the 
Bendigo type ore bodies because: 
• It is adaptable to most sizes, shapes or pitches of ore found on the 
Bendigo field, 
• It is a medium cost stoping method which can be almost completely 
mechanised, 
• It requires substantially less development than most other 
mechanised mining methods, 
• It is reasonably selective, with high recovery rates, 
• It provides for low dilution but only when the ore body is wider than 
the operational width of the machinery in the stope unless some 
form of resue mining is used, 
• It controls the ground better than almost any other mining method. 
It leaves a minimum of wall rock exposed, with fill below and intact 
ore above the immediate working area, 
• Substantial quantities of tailings are disposed of underground 
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requiring smaller tailings disposal facilities on the surface56, 
• It stabilises the area of mining because the stopes have been filled. 
Less ground movement will result from mining operations. 
Except as outlined in the previous chapter, it was found cut and fill would 
be the most appropriate method for mining the various leg and cap 
structures. 
Naturally, there are exceptions such as the long hole mining of spur zones 
or perhaps the selective recovery of high grade pillars using hand held 
methods. What this study will do following the reasoned choice as to what 
method to use will be to closely examine the operational details, to then 
produce a full costing on the project and to look at the return that the 
application of this mining method would have for the mine owner. 
Within the constraints of the gold price, the mining engineer is always 
asked "what is the grade that must be achieved for the mine to run 
profitably?" or "what is the breakeven grade?". 
Within the geological and historical framework of the Bendigo goldfield in 
the nineteen nineties, this analysis will be done for cut and fill stoping. From 
this point, a breakeven grade can be established for a series of gold prices 
and expected rates of return. 
56
 Triad Minerals NL. in 1993 have estimated that the cost of storing tailings in a suitably constructed 
tailings d a m is in excess of $1.50 per tonne. 
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Figure 36. Diagram of a cut and fill stope (after Atlas Copco). 
Figure 36 shows an idealised section of a cut and fill mining operation. A 
full description of this stoping method will be examined later, however a 
basic understanding of the system is desirable in order to appreciate the 
preference for it over other stoping systems. 
This cut and fill method is a fully mechanised system. It involves a standard 
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jumbo type drill rig being used to drill flat back holes in the ore. This ore is 
then blasted and mucked using an L H D machine and the material is 
dropped down an ore pass. This ore is then picked up at the bottom level 
for transport to the surface. Fill is introduced into the stope to provide a 
working platform from which to take the next slice of ore from the backs. 
The use of mechanised drilling, loading and transport will provide for high 
productivity and the limited development will keep unit costs to a minimum. 
Equipment availability is of prime importance in designing mechanised 
stoping systems. 
Equipment needed would be: 
• Drilling jumbos for development and flat back stoping, 
• Load Haul Dump units for development mucking and in-stope 
transport of the ore, 
• Underground trucks for transporting the ore to the shaft. 
In addition to these major items of equipment, there would be a host of 
additional smaller items such as hand held rock drills and air legs, fans, 
pumps, service vehicles, explosives carriers, A N F O loaders etc. For the 
drilling and in stope haulage, the primary consideration for the selection of 
equipment will be the physical dimensions of the equipment. There were a 
number of different units commercially available. 
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Length 
Width 
Height 
Weight 
Rock Drill 
Feed 
Hole Length 
Boom 
Autoparallel 
Boom Extension 
Electric Power 
Diesel 
Engine 
Tramming 
Quasar 12 
8500mm 
1200mm 
1900mm 
8200kg 
H200-H300 
CC2510-2512 
2.7-3.3m 
B14 
yes 
no 
37kW 
yes 
Deutz F6L 
hydrostatic 
Boomer H104 
8600mm 
1220mm 
2000mm 
7000kg 
COP 1032-
1038 
BMH1110-12 
2.7-3.3m 
BUT4 
no-TES 
Clinometer 
yes 
37-45kW 
yes 
Deutz F6L 
hydrostatic 
MK10HD 
8640mm 
1220mm 
1980mm 
7800kg 
HPRH-HPR1 
HFA12 
3.2m 
B73 
yes 
yes 
45kW 
yes 
Deutz F6L 
hydrostatic 
Micromatic 
8300mm 
1200mm 
2200mm 
4300kg 
HE300-
HL300S 
CF30HDx32 
2.9m 
MR300 
yes 
no 
35kW 
yes 
Deutz F6L 
hydrostatic 
Table 13 Narrow View Jumbos (after McKenzie and Hare) 
There is ample information supplied by the manufacturers as to the 
machines' performance. McKenzie and Hare57 summarised the options in 
narrow vein equipment commonly available in this country. 
The actual dimensions of the drill and LHD will determine the width of ore 
that can be worked without introducing any dilution. 
57
 McKenzie, S. & Hare, G. "Equipment Selection for Narrow Vein Operations" in Narrow Vein Mining 
Seminar .op.cit. passim. 
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Width 
Height 
Weight 
Pay load 
Bucket 
Capacity 
Engine/ 
Drive 
Electric 
Version 
CTX1 
950 mm. 
1250 mm. 
3100 kg. 
800 kg. 
0.4 m3. 
Deutz F3L, 
Hydrostatic 
Yes 
HST-05 
1016 mm. 
1320 mm. 
2948 kg. 
700 kg. 
0.4 m3 
Deutz F3L, 
Hydrostatic 
Yes 
JCl 50M 
810 mm. 
1220 mm. 
2720 kg. 
680 kg. 
0.38 m3. 
Deutz F2L | 
Hydrostatic ! 
Yes 
Table 14. Narrow Vein Load Haul Dump Machines (after McKenzie and Hare) 
Width 
Height 
Load Height 
Tip Height 
Weight 
Payload 
Box 
Capacity 
Engine 
EJC413 
2210 
mm. 
2337 
mm. 
2007 
mm. 
3962 
mm. 
14982 
kg. 
11804 
kg. 
6.9 m3. 
Cat 
3304 TA 
985 
T15 
2134 
mm. 
2248 
mm. 
1981 
mm. 
4064 
mm. 
12272 
kg. 
13636 
kg. 
7.7 m3. 
Cat 
3306 TA 
MT 
408 
1879 
mm. 
2057 
mm. 
1676 
mm. 
3295 
mm. 
6360 
kg. 
8000 
kg. 
4.8 m3. 
Deutz 
FBI 
MT413 
1905 
mm. 
2200 
mm. 
1930 
mm. 
3912 
mm. 
11340 
kg. 
11800 
kg. 
7.3 m3. 
Deutz 
FBI 
RR 
800 
1800 
mm. 
2100 
mm. 
1750 
mm. 
4000 
mm. 
7500 kg. 
8000 kg. 
4.0 
m3. 
Various 
RR 1200 
2000 
mm. 
2200 
mm. 
2000 
mm. 
4500 
mm. 
11000 
kg-
13000 
k9-
7.0 m3. 
Deutz 
FBI 413 
JCl 504 
1500 
mm. 
1950 
mm. 
1525 
mm. 
not 
known 
6364 
kg. 
4550 
kg-
3.1 m3. 
Deutz F6 
Table 15 Underground trucks for use in small drives (after McKenzie and Hare) 
Tables 13, 14 and 15 show the availability of equipment suitable 
for narrow vein operations. 
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It is clear that there is an adequate range of equipment which, on the face 
of it, will be suitable for the purpose. 
On examining the physical dimensions of both the drilling and mucking 
units, a decision needs to be made on the minimum stope width that can be 
successfully worked using this mechanised equipment. 
In reality, a width of 2.0 metres could easily be accommodated and 1.5 
metres may be possible. 
On examination of the four ore bodies which were described in the previous 
section, Table 16 illustrates the estimated quartz not recovered at a 
minimum mining width of 1.8 metres when stoping the bottom of the leg as 
it pinches out. Quartz will be left in the stope because the minimum mining 
width for the machines is greater than the 1.8 metres which is the width of 
ore . 
Name of reef 
Ladams Reef* 
Pandora Reef* 
Unity Reef* 
Victory Spurs 
Total tonnes per 
lineal metre 
2000 t. 
270 t. 
240 t. 
15001 
Un-recovered 
tonnes per lineal 
metre 
20 t. 
25 t. 
39 t. 
none 
Total 
recovery 
99% 
90% 
84% 
100% 
Table 16. Recovery of ore with a 1.8 metre mining width. * Mining Cap and East leg only 
These recovery rates are acceptable and well within industry standards for 
mechanised mining methods. 
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Figure 37. Maintaining effective mining width by diluting the ore by mining into the footwall. 
Figure 37 shows a method of maintaining effective mining width by diluting 
the ore by mining into the footwall. 
If exceptionally rich ore was encountered going below the level of the stope, 
one of three decisions, based on the economics of extraction and the 
disruption it would cause the rest of the mining program, could be made. 
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They would be: 
• Leave it because it would cost more to extract it than it would to leave 
it in place, 
• Start the stope lower and accept a higher level of dilution in the ore. 
If the material was sufficiently rich, this would not be a problem, 
• Selectively mine it using conventional underhand methods and move 
the cut and fill operations elsewhere until these operations had 
finished.(see Figure 38) 
The last two options would be very uncommon and the ore would need to 
be very high grade to justify the additional costs as well as the disruption to 
the overall mining program. 
In a broader sense, the bottom or start point of the cut and fill stope will be 
based on the economic return of the material mined. If the return over the 
full mining width is economic, irrespective of the actual width of ore in the 
back, mining would begin from that point. 
Similarly, only the payable parts of the leg would be mined, perhaps just the 
hanging wall, if there were not payable values in the rest of the quartz. This 
flexibility is one of the chief advantages of cut and fill stoping. 
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Figure 38 Selectively mining the hanging wall of the reef and leaving unpayable footwall quartz in situ. 
The general procedure for this mining method (Figure 39) is to provide a 
bottom access drive along the length of the orebody to be mined, in this 
case along the bottom of the East leg of the reef. An access ramp is driven 
up into the ore body to a point where the material is deemed to be payable 
over the mining width. The ramp is driven into the footwall of the main drive 
and spirals upward to intersect the quartz. A level is then driven the length 
of the stope in the ore using the jumbo to drill conventional development 
patterns. These holes are then fired and the L H D mucks the material back 
to ore passes which have been put up from the bottom level into the stope. 
134 
filled section of ; tope 
• '•fO.1 <V ore pass ore/pass 
YZ7Z?7///\/M//////A>////777A 
nain drive 
Figure 39 Schematic diagram of the operation of a cut and fill stope. 
When the full length of development has been completed, the stoping 
process begins. The jumbo drills half upper holes into the ore along the 
desired length of the stope to be mined at any one time. The holes are fired 
and the ore mucked back to the passes. The end of the stope which has 
just been mucked out is then barricaded and fill is introduced into that area 
to create a new working platform. While this fill is settling and dewatering, 
as the case may be, the other section of the stope is drilled, fired and 
mucked. Fill is then introduced into this section and allowed to stabilise. 
While this is happening, the machines are back on the first filled area 
drilling, firing and mucking. This process will continue until the whole of the 
leg as well as the cap has been mined out and replaced by fill. The precise 
details of the design of this mining method will be dealt with in the next 
section. 
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13. DESIGN OF THE CUT AND FILL MINING METHOD 
The overall design of the mining method will involve: 
• A detailed description of the development requirements and the 
mining method, including blast design, fill techniques and ventilation 
requirements, 
• Scheduling of the pre-stoping development, 
• Scheduling of the mining operation, 
• Selection of equipment. 
Detailed description of the development requirements and the 
mining method. 
As has been outlined previously, this mining method involves the 
replacement of the mined ore with fill which provides both support for the 
walls as well as the working platform for the next slice of ore that is to be 
taken from the back. This process is continued upward from the bottom of 
the leg stone through to the cap of the reef. 
This mining method requires a modest amount of development. The major 
development items are outlined. 
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The Main Drive 
A bottom level is driven along the whole length of the leg. Conventional 
drilling and blasting techniques are used to carry out this function. A 
development jumbo similar to that which will be used for the stoping will be 
employed in this operation. The machine would be electric-hydraulic 
powered. Similarly, a Load-Haul-Dump machine typically used in narrow 
vein stoping will be adequate for mucking the blasted ore. A three metre by 
three metre development heading will be sufficient to accommodate any of 
the range of equipment including trucks which were outlined in the last 
section. 
Burn cut 
Back holes 
Easers 
Figure 40. Development round (after Sweet). 
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Drilling and Blasting 
The single boom jumbo would be used to drill the development round. 
A typical development round using a burn cut is outlined in Figure 40. Holes 
would be drilled to a depth of 4.0 metres. 
The explosive is typically primed using detonating cord or packaged 
explosive type primers and half second Non-electric detonators. The use 
of detonating cord for primers is becoming more widespread as the 
packaged emulsion explosive which are commonly available do have 
problems with desensitisation, particularly in the cut or the easer holes. This 
desensitisation occurs with pressure build up in the blast holes as the round 
is fired. Detonating cord does not suffer from such a phenomenon. The 
detonating cord strung along the length of the blast holes also aids the 
complete detonation of that hole during the blast. Whether, this 
desensitisation is likely to occur in this particular case would be established 
by in-field trials. Alternative blast hole patterns may alleviate the problem. 
Ammonium Nitrate and Fuel Oil (ANFO) would be used as the chief blasting 
agent so long as the blast holes could be kept reasonably dry. At the depth 
envisaged, it is likely that water will be somewhat of a problem but as long 
as the blast holes themselves remain relatively dry during the loading 
process, A N F O could be used. Impervious plastic inserts can be placed in 
the holes to prevent the ingress of water. Otherwise, packaged or bulk 
slurried explosive can replace the A N F O . As is demonstrated by Table 17 
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there is a substantial cost saving if A N F O can be used. 
Item 
Detonators 
Packaged 
Emulsion 
A N F O 
Detonating 
Cord 
Cost per round 
using A N F O 
Cost per round 
using packaged 
| emulsion 
Unit Cost 
$3.00 each 
$6.00/kg. 
$0.55/kg 
$1.00/metre 
Quantity 
38 units 
100 kg. 
100 kg. 
37 metres 
Total 
$114.00 
$600.00 
$55.00 
$37.00 
$206.00 
$751.00 
Table 17 Comparative costs of explosives between bulk A N F O and packaged emulsions in a typical 3.0 
metre round 
Mucking 
The Load Haul Dump machine would be used to muck the broken rock from 
the face after blasting. Either electric or diesel power is available for the 
LHD's. Electric power is preferred over diesel for a number of reasons. 
They are mostly related to ventilation. 
Using diesel powered equipment in the stopes which are proposed poses 
58ICI Explosives, Australia. 1993 Price List. Melbourne: ICI Explosives Australia, 1993, pp.2 - 7 
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a number of serious ventilation problems. They are: 
The ambient temperature of the host rock and general working 
environment will be high at depths in excess of 1000 metres 
irrespective of what power source is used, 
Diesel equipment will produce additional heat which will need to be 
dissipated to allow a working environment of 28059 wet bulb as 
provided by the regulations, 
• Even when equipment is placed on the exhaust of a diesel engine to 
modify and reduce the exhaust fumes, diesel equipment will still 
produce undesirable quantities of gases which will need to be diluted 
by fresh air drawn from the surface, 
• The confined area of the narrow vein stopes and comparatively 
modest development drives will compound the ventilation problems. 
The total volume of air in all of the underground openings will be 
small and therefore require a substantial volume and velocity of fresh 
air to be provided from the surface to maintain the air quality 
standards as set out in the regulations. 
In addition to the ventilation problem, electrically powered equipment is 
much quieter and relieves the adverse effects of noise stress on the miners 
working in the stopes. 
59
 Mineral Resources (Health and Safety) Regulations 1991 All of the statutory requirements concerning 
ventilation including total respirable oxygen, gas concentrations and monitoring are contained in these 
regulations 
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It is for these reasons that electric power is preferred. There are a number 
of problems associated with electrically powered machines underground. 
They include the need for a mine electrician to be available underground 
much of the time, the additional dangers associated with working electrically 
powered machinery in a wet environment and the inconvenience of the 
trailing cable. Nevertheless, the heat, fumes and noise arguments outweigh 
such problems. 
Ground Control 
Consistent with the geological models of the Bendigo field, it would not be 
anticipated that there would be serious regional ground control problems. 
The main drive would be driven between the bedding planes at the lower 
portion of the leg to be mined. The near vertical bedding would provide both 
the footwall and hanging wall for the drive. 
Cross faulting may provide zones of localised weakness which would 
require some ground control. This may be in the form of rock bolting, 
meshing or W-strapping. More serious defects may require additional 
support in the form of concrete reinforcement or the use of sets and 
lagging. All of this would need to be determined on a case by case basis. 
Services 
Services would be taken from the plat at the shaft through the main access 
decline to the working levels. These services would include electric power, 
compressed air, ventilation ducting and water. The services would be held 
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on L-pins attached to the wall of the drive. They would be advanced along 
the level as the development progressed. 
The bottom level would be advanced along the whole length of the strike of 
the leg at the bottom of the material to be stoped. 
Ramp access into the ore body. 
A short spiralled ramp would need to be driven off the bottom level to gain 
access to the ore above. The radius and inclination of this ramp would be 
determined by the physical characteristics of the mobile equipment which 
Figure 41. Projections of access ramp between the main level and the stope undercut. 
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will use it for access into the stope. 
If the Atlas Copco narrow vein drilling and mucking equipment is taken as 
an example, the dimensions of the access ramp of 2.5 m. wide, 2.5 m. high 
and the spiral having a radius 4.25 m. would easily accommodate the 
Boomer H104 jumbo. The corresponding L H D is the HST-1.5A which has 
similar small dimensions. The gradient of the ramp will be 1:7 ramp for the 
distance between the bottom level and the stope bottom. If there was a 
5.0m pillar left between the level and the bottom of the stope, the total 
length of the ramp would be 35 metres and with ample radius for the 
equipment to negotiate. 
Additional forced ventilation would be needed in the dead end created as 
the ramp progresses away from the level. Comparatively modest ventilation 
requirements are needed as electric powered equipment is being used in 
the development. This would be provided by a supplementary electric fan 
operating off the main level. 
Ore passes 
Vertical ore passes will need to be put through the pillars from the main 
level to the undercut in the stope. While more sophisticated methods such 
as Alimak raising or raise boring would be possible, simple raises using a 
hand held machine and working from timber platforms would be entirely 
adequate over such a short distance. 
The raises could be either circular or square in section, as vertical as 
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possible and lined if there was 
any likelihood of the pass 
deteriorating when in use. A 
diameter of 1.5 m. would be 
adequate for the purpose. The 
basic configuration for drilling the 
raise is shown in Figure 42. 
An access way, similar to the 
passes, would have to be used 
exclusively for personnel and 
materials. It would need to be 
suitably equipped with ladders. 
Any material coming in or out of 
the stope would have to come 
through the access way. These 
openings generally are the only 
method of communication into the 
stope. Ore or waste would come 
out and personnel, services, fill or 
consumables would come in 
through the openings. 
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Figure 42. Rising round (after Sweet). 
r 
1-5m 
! 
2 4m 
1-5n> 
After stoping begins and the fill is being introduced into the stope, the raises 
must be extended upward to remain open and not invaded by the fill. Metal 
forms or pig stied timber is used for this purpose. A small winch and tripod 
may be taken up into the stope and used for hauling heavier materials after 
the ramp access has been filled. The flow of material from the passes into 
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waiting trucks on the level below is controlled by the chute (Figure 44). 
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Figure 43. Development required for Cut and Fill Stoping. 
In this mining method, the machines are partially "trapped" in the stope. If 
the pitch of the ore body is sufficiently steep, they will always be able to be 
recovered where the bottom of the stope and main level join. In the flatter 
pitched orebodies an access ramp is driven in waste from the main level 
to the cap of the reef. Short crosscuts are driven into the workings every 
three or four lifts. Thus there is partial access into the workings which will 
aid ventilation, improve miner access, allow for the mechanised equipment 
to be removed from the stope for major servicing and overhauls and allow 
for the final recovery of the machines following the completion of the stope. 
If this ramp is properly situated and the scheduling of the stope is correctly 
maintained, the ramp can serve two stopes, one running North, the other 
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to the South. The overall length of the ramp in a 30 metre high stope on a 
1:7 gradient would be 210 metres. This is shown in Figure 43. 
Fioure 44. Ore pass and chute. 
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Figure 45. Access into the stope on a pitching ore body 
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In ore bodies which are pitched, the problem of access into the stope is less 
important because there will always be one end of the stope which is very 
close to the main drive. This is described in Figure 45. 
Fill 
Cut and fill mining naturally relies on fill being placed back into the stope to 
act as a working platform and to assist in control of the walls of the stope. 
Fill can either be mullock or mill tailings, or both and can have a cementing 
agent added to the mix. 
As has been previously stated, it would be desirable for both financial as 
well as environmental reasons to put as much as possible of the treated ore 
back underground. 
The conventional process to prepare tailings for fill is to cyclone the 
material and use the coarse fraction or underflow as fill. The slimes or fine 
fraction are not desirable because they will not settle quickly in the stope 
and will clog the filter material and drainage pipes coming from the stope. 
The difficulty in using tailings which have been produced by any plant using 
cyanide is that there is a certain amount of cyanide in the tailings, 
particularly in the water. W h e n this dissolved cyanide comes into an even 
slightly acidic environment, Hydrogen Cyanide (HCN) gas is produced 
which is highly toxic. The typical pH of mine water would be in the range of 
4 to 5 and this would be sufficiently low to produce dangerous levels of 
HCN. A plant layout is shown in Figure 46 
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Figure 46. Basic configuration of the fill plant. 
Typical cyanide levels in the water would be 60 parts per million. While 
most of the water will be rejected by the cyclone with the smaller size 
fractions of tailings, the material for filling will probably have a moisture 
content of at least 4 0 % . Fresh water will be added to the fill to allow for it to 
be pumped back underground. If the final product is 6 0 % solids, then the 
original 4 0 % cyanide contaminated moisture will be diluted one and a half 
times by the fresh water. This will represent a final contamination figure in 
the water carrying the fill of 20 parts per million. 
In some modern plants, a cyanide regeneration plant is used on the tailings 
to remove the cyanide and re-use it in the mill. The process involves the 
introduction of Hydrochloric Acid into the tailings stream to yield H C N gas. 
This is dissolved back into water and reused. The capital cost of this 
equipment is in excess of $100,000.00 but can mean a substantial saving 
on cyanide at the plant if there is sufficiently large tonnages processed. If 
this process w a s used, there would not be any problem concerning the 
cyanide levels in classified fill. 
\ 
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Regulations concerning this matter are not clear in Victoria. There are 
certain requirements concerning the nature of fill going into stopes. No 
specified levels are recorded in the Mineral Resources (Health and Safety) 
Regulations 1991. Other states have a requirement of less than 100 parts 
per million. They specify that sufficient ventilation is provided to dilute any 
potentially dangerous level of H C N gas back to a safe standard. 
u n n i n e d o r e 
area currently 
being filled 
filled area 
Y//7///////7ZZA V/yj/SA 
pillar fill pipe 
Figure 47. Introduction of fill into the stope. 
The fill itself is introduced into the section of the stope to be filled as shown 
in Figure 47. All openings need to be barricaded and sealed with hessian 
and drain pipes fitted to allow the pulp to settle. Within 24 hours of the fill 
being placed into the stope, it is sufficiently solid to allow the use of mobile 
equipment on it. 
Once the fill has consolidated, the barricading is dismantled and a ramp 
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constructed up on the next lift of fill so that operations can continue. 
Mining Operations 
Of all mining methods, cut and fill is one of the simplest to grasp. It entails 
drilling, blasting and mucking of the ore immediately available in the back. 
The broken ore is mucked out and hauled to the surface. From the time that 
the ore is drilled, it would be generally less than 48 hours before it is hauled 
to the surface for processing. 
MetrM 
0 1 1 3 * 8 
Cuddy cut a»to footwall 
of reef to ettow rtftc^tines 
to cross betwetn mtmQ cycles 
Main undercut dr>v« in itopt 
Figure 48. Plan of cuddies cut to allow machines to pass. 
Once the development for the stope has been completed and the machines 
are in place, the mining of the ore can commence. At the lower levels of the 
stope where the mining width is quite narrow, there will be some difficulty 
in transferring machines. The jumbo and the L H D will need to cross over 
one another on different parts of the mining cycle, from drilling to mucking. 
This problem can be overcome by the cutting of one or more cuddies in the 
footwall of the undercut drive.(Figure 48) As the stope widens out as the 
mining progresses up the leg and into the cap, this problem will cease to 
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exist as the overall stope width will allow the machines to pass. 
Once stoping commences, the cycles of operations within the stope will be: 
(1) Drilling The ore is drilled using the jumbo (Figure 49). Using a 38 mm. 
bit on the drill, 3 metre holes are drilled upward into the ore on a 60° angle. 
The actual number would naturally depend on the mining width. The burden 
on the holes, while being largely determined by the shape of the ore body 
, can be calculated using Andersen's equation60. For this stoping pattern, 
a burden of 1.2 metres is calculated. This appears to be very large, even 
if the spacing is half that distance. The powder factor for this pattern would 
be .22 kg/tonne. This figure is very low, particularly in quartz. There would 
be a great deal of secondary blasting resulting from this level of burden. 
Within the narrower sections of the leg this pattern may not easily fit. 
Ultimately, the burden would be determined after an examination of the rock 
mass and its structure. However from experience, a spacing of less than 
the theoretical figure suggested above should be used. An alternative 
burden of 600 m m . between rows is suggested. A minimum distance of 300 
m m . from each of the walls would need to be maintained in order to prevent 
damage to both the footwall and hangingwall as well as unwanted dilution 
of the ore. In the case of a 2.0 metre wide face, each row will blast 
approximately nine tonnes of ore. The loading of explosives per row will be 
7.5 kg. This gives an overall powder factor of 0.83 kg./tonne. Adequate 
fragmentation should be achieved in this pattern, particularly when the blast 
holes are fired with millisecond delay detonators. 
Sweet, K.A. OP cit. p. 6.9. 
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Figure 49. Drill hole layout in 2.0 m. wide stope. 
There must be a deal of flexibility in the blast design because each lift of the 
stope will expose a different ore width to the previous one. If some wall 
damage does take place, so long as the dilution does not become 
excessive, any local instability will exist only until that section is sand filled 
and after that it ceases to be a problem. Unlike s o m e of the long hole 
mining methods where a great deal of time and expense is incurred in 
maintaining drilling accuracy, this is not nearly as important on shorter cut 
and fill drill holes. 
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2. Blasting Blasting would normally be performed using A N F O as the main 
explosive, with packaged primers and millisecond delay Non-electric 
detonators. The considerations concerning wet holes which was discussed 
in the development section equally apply to stoping operations. Use of 
packaged explosive adds considerably to the costs of blasting in the stope. 
Bottom primed oackaged explosive 
2.0 n. 
ANFD 
1.0 n, of 
stemnin 
free face 
Non-electric 
signal -tube 
Figure 50. Loading of a typical production blast hole, (not to scale) 
The holes are loaded as shown in Figure 50. The number of holes to be 
fired in each round will depend on a number of factors including the 
demands of the treatment plant, the stope design, the turn around time in 
each stope and the ability of the mining crews to drill and load the requisite 
number of holes in a shift. 
If a 20m. length of the stope is drilled and fired in one operation, this would, 
in a 2.0 metre wide stope, break 324 tonnes. There would be 30 rows of 
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three holes. This leads to an initiation problem. The design uses only 25 
millisecond delay detonators and there are a limited number produced in 
a series with those delays. 
Numbers beside holes are 
delays in milliseconds 
25 mtitisec. delays 
in detonating cord Single No.8 detonator 
to initiate 
"j" hooks connecting signal 
tubes to detonating cord 
5 g/m detonating 
cord 
0 
METRES 
Figure 51. Layout of the initiation system in a stope blast. 
There is a standard 25 millisecond delay between each number. The lack 
of a full range of delays can be overcome by initiating the Non-electric 
detonators with lightweight detonating cord and using 25 millisecond delays 
between each section of cord. Detonating cord has an explosive content of 
less than 5 grams per metre. More powerful cord can create misfires due 
to the collateral damage developed during initiation. The Non-electric 
detonators are connected to the cord using "J" hooks which are attached 
to the signal cord of the detonator. Figure 51 shows the delay sequence. 
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The advantage of using Nonel millisecond delays is that they are 
comparatively cheap and quick to install. Once attached to the detonating 
cord, there is little chance of a misfire using Nonels. 
3. Post blasting operations Following the blast, fumes and dust are 
cleared from the stope by the ventilation fans. Until this occurs, the miners 
can not re-enter the stope. The backs are examined and any dislodged 
material is barred down. Depending on the stability of the backs, it may be 
necessary to rockbolt and mesh any weakened ore to prevent collapse on 
the miners working below. This is standard practice in many cut and fill 
mines although it would only be performed on the Bendigo type ore bodies 
as required. This would be more likely to happen in the upper portions of 
the leg or in the cap where there is a wide section of unsupported ore in the 
back. In the narrower sections, the closeness of the walls would greatly aid 
the support of the ore overhead. 
The broken ore would be watered down, examined for unexploded charges 
and the mucking process would begin. The L H D would load the ore and 
transport it to the most convenient ore pass. The pass would have a grizzly 
over the top of it to prevent any oversized material from entering. A 
manageable lump size may be 200 m m . or less. Rock which is larger than 
this size can create blockages and hangups in the pass. The blast has 
been designed for good fragmentation and it is therefore unlikely that there 
will be a great amount of oversized material which would need to be broken 
on top of the grizzly before it could enter the ore pass. Any such material 
can be broken on the grizzly with a pneumatic hammer. By breaking the 
material down to such a comparatively small size, no underground crushing 
would be required before hoisting to the surface. This is a major capital and 
155 
operational saving61. 
The area is then prepared for fill by the building of barricades, extending 
upwards of passes and relocation of services. The sand pipe is brought up 
the pass and filling commences. 
The ore would be emptied from the passes into diesel trucks and taken 
back to a loading station at the shaft. Whilst a decision to opt for all electric 
equipment in the stopes has been made, a different case can be 
established for the main haulage along the levels. Diesel equipment is very 
versatile and as the mineralisation on the Bendigo field occurs along the 
strike of the anticlines, there will be significant trucking distances involved. 
The flexibility of diesel powered trucks makes them far more attractive in 
this application. An additional penalty is suffered however in increased 
ventilation costs. 
Grade Control 
Grade control is an essential part of the mining operation. The techniques 
are not complicated but they must be performed on a regular basis to 
ensure that mining only takes place in payable ore. There are a number of 
factors involved in grade control: 
• Accurate surveying must be performed on a regular basis, 
constantly updating the plans of all operations in the mine. 
These would normally be stored both as hard copies as well 
61
 Noakes, M. and Lanz, T. op. cit. p. 52 The estimated cost for an underground crusher station with its 
associated works to crush 100,000 tonnes per annum is $1,400,000. Crusher operating costs vary markedly 
but a figure between $1.00 to $1.40 per tonne seems indicative. 
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as in a suitable mine planning computer package. 
Sampling of the stoping faces would be performed by a sampler on 
every shift. In the case of cut and fill, channel samples would be 
taken from the back prior to drilling. The distance between samples 
is 1.5 metres. 
Truck samples must also be taken prior to tipping into the main ore 
pass. This form of sampling would provide a check against the 
samples previously taken from the working faces. 
Matrss 
e t c * * ) 
drilling rig 
situated ;n 
East leg 
drive 
Figure 52. Diamond drill holes testing Western leg. 
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• Underground drilling can be used to sample beyond the immediate 
working faces and give management some idea of the expected 
grades, mineralogy and physical dimensions of the ore body. This 
would be done both from the level up into the future stope as well 
as from the working levels of the stope.(Figure 52) 
Of particular importance in this regard is the possibility of mineralisation on 
the Western leg of the saddle. This stoping system is based on mining the 
most commonly mineralised leg, the Eastern. In some cases the values will 
be in both legs and on other occasions, they may only be in the Western 
leg. Similarly, values may occur only in the cap and neck region. It is mainly 
through underground diamond drilling that this will be established. 
Ventilation 
The ventilation requirements of this operation are comparatively simple. 
They can be divided into two different parts, stope ventilation and level 
ventilation. In both cases, different equipment and other conditions exist 
producing fumes, dust, water vapour and heat. 
The Victorian Mineral Resources (Health and Safety) Regulations 1991 
state the following with regard to air quality: 
"Quality of air 
2.43 
(1) The manager must ensure that the respirable air in any part 
of a work site is of a satisfactory quality. 
Penalty: 50 penalty units. 
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(2)The respirable air in any part of a work site is of a satisfactory 
quality if-
(a) the air contains not less than 19 percent by volume of oxygen; and 
(b) the air contains not more than the following concentrations of the 
following impurities measured by volume in parts per million of such air: 
carbon dioxide 5000 
carbon monoxide 50 
ammonia 25 
nitric oxide 25 
hydrogen sulphide 10 
nitrogen dioxide 3 
sulphur dioxide 2 
formaldehyde 1 
where the concentration of an impurity is determined as a time-weighted 
average measurement over an interval of time of not less than 8 hours; and 
(c) the air contains not more than the following concentrations of the 
following impurities measured by volume in parts per million of such air: 
nitrogen dioxide 5 
sulphur dioxide 5 
aldehydes (measured as formaldehyde) 2 
where the concentration of the impurity is determined as a STEL 6 2 value; 
and 
(d) the concentration of respirable dust does not exceed 5 milligrams per 
cubic metre; and 
(e) the air contains not more than 0.2 milligrams of respirable quartz per 
cubic metre; and 
(f) the air contains not more than 1.5 milligrams of respirable amorphous 
silica (including natural diatomaceous earth) per cubic metre; and 
62The STEL value means the short term exposure level. It represents the maximum time a worker 
be exposed to a particular substance at a given concentration. 
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(g) the air contains not more than the concentrations of other dusts, 
gaseous or other, and impurities as specified in Worksafe Australia 
Standard, Exposure Standard for Atmospheric Contaminants in the 
Occupational Environment, Guidance Notes and National Exposure 
Standards, May 1990."63 
The regulations are quite specific with regard to these standards. The 
ventilation system must provide a sufficient flow and quality of fresh air into 
the underground workings to meet these standards. In the main drive the 
main contamination will be from diesel fumes as well as dust and fumes 
from blasting. In addition, there will be oxygen depletion arising from human 
activity as well as the diesel powered trucks. 
In addition, the ventilation system will need to cool the overall working 
environment because the local temperature will be raised due to the depth 
of workings. Water vapour from drilling and evaporation will create high 
humidity in the underground workings. 
The specific ventilation requirements would need to be calculated from an 
examination of the actual underground conditions, but a number of general 
considerations can be described. 
The most important part of the ventilation circuit (Figure 53.) will involve 
some form of secondary opening which will allow a flow of fresh air into the 
workings. This would be achieved by the use of a raise bored hole from the 
workings to the surface. 
Mineral Resources (Health and Safety) Regulations 1001 p.25 
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Figure 53 Basic Ventilation Circuit (not to scale) 
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This will be an essential part of the overall mining operation. If the old 
workings above the level of these operations are eventually pumped out, 
access could be m a d e to them for ventilation purposes. 
The circuit would involve an exhaust fan being installed to pull fresh air 
down the main hoisting shaft and down any decline on the bottom of it. 
Fresh air would be provided along the main levels. 
The stopes would need auxiliary ventilation provided by small electric fans. 
The passes would be used to run ventilation piping into the stope and as 
return airways. These would be electrically powered and are usually in the 
range of 15 to 30 Kilowatts. 
Scheduling of development 
As there is comparatively little development in this mining method, the 
scheduling of this work is reasonably simple. The major items (as illustrated 
in Figure 41) are: 
• The main drive 
• Ramp access into the stope 
• Rises into the stope 
• Undercut in the stope 
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While the actual stope dimensions are not known, the stope would be made 
as long as possible, ideally 100 metres. O n ore bodies encountered on the 
Bendigo field where the mineralisation has been shown to extend along 
strike, this length should not be difficult to maintain. 
The main drive is 100 metres long. The method of driving this 
development has been described previously. Using mobile trackless 
equipment for both drilling and bogging, one development round per shift 
would be easily achieved. If a four metre round is taken per shift, it would 
take between 25 and 30 shifts for the main drive to be finalised, depending 
on the availability of equipment. S o m e additional time may need to be 
allocated for ground control, the extension of services or unexpected 
delays. 
Under 
cut 
Rises 
Ramp 
into 
Stope 
Main 
Drive 
25 shifts 
15 shifts 
15 shifts 55 
shifts 
(continued to cap) 
25 shifts 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 
SHIFTS 
Table 18. Scheduling of development. 
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The ramp access is 210 metres in length. This heading would probably 
achieve three metres per cut, thus taking 70 shifts to complete the 
operation. But this development can be progressing while the stoping is 
taking place. As the ramp will be accessing two stopes, much of the cost 
of this development can be shared between them. 
Therefore one crew per shift can perform all of the necessary development 
prior to stoping in a theoretical 135 shifts. Naturally, it is unlikely that this 
would be the actual time taken. Machine breakdowns, misfires, additional 
ground control measures etc. all will add to the time estimated to perform 
this development. If a machine availability for both the L H D and the jumbo 
was 8 0 % , this would add an additional 27 shifts to the operation. As there 
is only one crew per shift, only one jumbo and L H D are required for the 
development crew. 
The most important factor in the scheduling of the development is that it 
must keep ahead of the production crew. As will be discussed next, the 
minimum time required to stope the block out is 183 shifts. On that timing, 
the development should always be ahead of the production with a fairly 
wide margin for error. 
Scheduling of Production 
The orebody is divided into mining blocks each of approximately the same 
dimensions and tonnage (Figure 53). Each block is 20 m. in length, 2 m. in 
width and 3 m. in height. Each block contains 324 tonnes of material which 
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can be classified as ore unless grade control in the mine deems it to be 
otherwise. If this is so decided, then the block would not be mined and 
would be left in place. 
Metres 
0 1 2 3 4 5 
B 
scale 
D 
Long Section of Urebody Cross Section 
Each Mining Block can be described in terms of 
Column, Row, Section (upper case), Number (lower case) 
They are 20m. long, 3m. high and 2m wide. 
Figure 54. Division of ore body into mining blocks. 
There are 99 blocks in this stope which amounts to 32,076 tonnes. The 
process for scheduling the mining operations will involve the orderly mining, 
filling and re-entry into the stope to repeat the cycle. In addition to these 
operations, the advancement of services, the extending of the passes, 
Block 
Number 
A9g 
B9g 
C9g 
D9g 
E9g 
A8g 
B8g 
C8g 
D8g 
E8g 
A7g 
B7g 
C7g 
D7g 
E7g 
A6g 
B6g 
C6g 
D6g 
E6g 
A5f 
B5f 
C5f 
D5f 
E5f 
A4f 
B4f 
C4f 
D4f 
E4f 
Drill & 
Blast 
Muck& 
Fill 
Re-
enter 
Shift Number 
2 
3 
1 
5 
4 
7 
9 
6 
13 
11 
18 
19 
14 
22 
21 
25 
27 
23 
32 
31 
34 
35 
33 
37 
36 
47 
48 
43 
52 
51 
4/5 
6/7 
2/3 
10/11 
8/9 
14/15 
12/13 
7/8 
18/19 
16/17 
22/23 
24/25 
20/21 
28/29 
26/27 
32/33 
34/35 
30/31 
38/39 
36/37 
42/43 
44/45 
40/41 
48/49 
46/47 
52/53 
54/55 
50/51 
58/59 
56/57 
7 
9 
5 
13 
11 
17 
15 
10 
21 
19 
25 
27 
23 
31 
29 
35 
37 
33 
41 
39 
45 
47 
43 
51 
49 
55 
57 
53 
61 
59 
Block 
Number 
A3f 
B3f 
C3f 
D3f 
E3f 
A2f 
B2f 
C2f 
D2f 
E2f 
A1f 
B1f 
C1f 
D1f 
E1f 
A1e 
B1e 
C1e 
Die 
E1e 
Aid 
Bid 
C1d 
Did 
E1d 
A1c 
B1c 
C1c 
D1c 
E1c 
Drill & 
Blast 
Muck& 
Fill 
Re-
enter 
Shift Number 
57 
58 
53 
62 
61 
67 
68 
62 
72 
71 
77 
78 
73 
82 
81 
84 
85 
83 
87 
96 
133 
32 
88 
134 
135 
91 
90 
89 
92 
93 
62/63 
64/65 
60/61 
68/69 
66/67 
72/73 
74/75 
70/71 
78/79 
76/77 
82/83 
84/85 
80/81 
88/89 
86/87 
92/93 
94/95 
90/91 
98/99 
96/97 
135/136 
133/134 
100/101 
137/138 
139/140 
105/106 
103/104 
101/102 
107/108 
109/110 
65 
67 
62 
71 
69 
75 
77 
73 
81 
79 
85 
87 
83 
91 
9 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
132 
132 
132 
132 
132 
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Block 
Number 
A1b 
B1b 
C1b 
D1b 
E1b 
A1a 
B1a 
C1a 
D1a 
E1a 
AOe 
BOe 
COe 
DOe 
EOe 
AOd 
BOd 
COd 
DOd 
EOd 
AOc 
BOc 
COc 
DOc 
EOc 
AOb 
BOb 
COb 
DOb 
EOb 
Drill & 
Blast 
Muck & 
Fill 
Re-
enter 
Shift Number 
95 
96 
94 
97 
98 
101 
100 
99 
102 
103 
137 
138 
136 
140 
139 
142 
141 
140 
143 
144 
169 
168 
155 
170 
171 
171 
168 
165 
166 
167 
113/114 
115/116 
111/112 
119/120 
117/118 
125/126 
123/124 
121/122 
127/128 
129/130 
143/144 
145/146 
151/152 
149/150 
147/148 
157/158 
155/156 
153/154 
159/160 
161/161 
183/184 
181/182 
163/164 
177/178 
179/180 
173/174 
169/170 
166/167 
171/172 
175/176 
132 
132 
132 
132 
132 
132 
132 
132 
132 
132 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
... 
— 
— 
— 
... 
177 
177 
177 
177 
177 Table 19 Scheduling of Production 
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blasting of the block occurs. "Muck and fill" represents the times in shifts to 
muck the broken ore down the passes and to fill the stope. "Re-enter" 
represents the next available shift when the fill is settled and dewatered so 
that machines can work on it. The scheduling of production in the stope is 
shown in Table 19. 
While working in the leg, the blocks are blasted, mucked and filled 
sequentially. A s the stope widens in the region of the cap, the stopes are 
not immediately filled. The mining proceeds horizontally across the stope 
and a pillar is left in the middle for back support. Additional support may be 
necessary. The blocks behind the pillar are mined, filled and then the pillar 
is removed. The last blocks in the stope are not filled as access to the area 
is no longer required. 
Personnel 
The personnel numbers per shift would be as follows: 
Jumbo operator 
Bogger driver 
Truck driver 
Fill crew 
Maintenance 
Shift Boss 
TOTAL 
1 
1 
1 
2 
1 
1 
7 
Table 20 Personnel list 
The tasks allocated within the shift vary from stope to stope. The mucking 
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of the broken ore is by far the most time consuming, while the drilling only 
occurs for about half of the shifts. Other tasks would be; preparation of the 
areas to be filled, loading of blast holes, extension of services, extension of 
passes before filling, ground control and barring down following the blast. 
Productivity per shift. 
The overall productivity for this mining method is calculated by dividing the 
total number of miner/shifts into the tonnage won from the stope. There are 
1288 shifts involved in mining out this stope and the total tonnage is 32,076 
tonnes. This give an overall productivity of 24.90 tonnes per miner/shift. 
This is well within the acceptable productivity of the mining industry,64 
particularly when considering the fact that much of this ore is from narrow 
veins. The equipment selection for this project has been in line with such 
a level productivity and the ability of the machines to achieve this will be 
discussed in the next section. 
Equipment Selection 
Table 21 shows a list of major items of equipment required for the 
development and mining operations. The list relates only to that equipment 
directly engaged in the development of the stope and mining of it. It does 
not relate to the overall requirement of the mine or other stopes. 
Hartman H. L. O P cit p. 560. 
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ITEM 
Single boom 
jumbo 
Load haul 
dump unit 
Mine truck 
Single boom 
jumbo 
Load haul 
dump unit 
Service Vehicle 
OPERATION 
Development 
Development 
Development/ 
production 
Production 
Production 
Development/ 
nrnriimtinn 
MODEL 
Boomer H104 
ST-2 
MT-413 
Boomer 
H-104 
EHST-1.5A 
HJ-75 
PRICE 
$250,000 
$245,000 
$300,000 
$250,000 
$300,000 
$ 60,000 
COMMENTS 
Electric/hydraulic 
drill 
Diesel LHD, 
2m3. load 
Diesel truck, 131. 
load 
Electric/hydraulic 
drill 
Electric LHD, 
1.5m3. load 
Diesel 4 wheel 
drive* 
Table 21 Major items of equipment 
The total value of the mobile equipment would therefore be $1,404,000. 
The information shown in Table 21 are for Atlas Copco equipment although 
similar equipment is available from other suppliers such as E I M C O or 
Gardner-Denver. The service vehicle is a customised Toyota HJ-75 four 
wheel drive tray truck. 
LHD Units Two LHD units are proposed, the smaller electric unit being 
used in the stope and the larger diesel unit for development. Figure 55 
gives an overall profile of the machine. It is an articulated, low profile 
machine and electrically powered. There are a number of smaller LHD's 
available, the Atlas Copco version is the EHST-05. This unit has a 
tramming capacity of 700 kg. and the productivity is too low for this 
application. The EHST-1.5A (Figure 55) has a bucket capacity of 2 tonnes 
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and a quoted productivity of 18-20 tonnes per hour over a tramming 
distance of 30 m. 
In calculating time required to muck the ore back to the pass, the maximum 
distance between the passes is shown in Figure 43 which is thirty metres. 
In general terms a cycle over that thirty metres in the stope is calculated as 
shown in Table 22 
Load 
Tram 30 metres 
Dump 
Return 
TOTAL 
0.5 
1.5 
0.5 
1.5 
4.0 Minutes 
Table 22 LHD cycle times 
This figure is based on a 50 minute hour, this would give a productivity with 
an 8 0 % availability of 20 tonnes per hour or 240 tonnes per 12 hour shift. 
These figures would be conservative and higher productivity could be 
achieved. Barrell65 suggests a similar productivity for that size machine in 
his paper. 
This size of machine is more than adequate for the mucking tasks assigned 
for it in the stope. 
The larger unit which is not illustrated is the ST-2. It is this machine that will 
be used in development. It is very similar in configuration to the EHST-1.5A 
Barrell, D.J. "The South Comet Mine" in Narrow Vein Mining Seminar, op. cit., pp. 109 -113. 
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but it is diesel powered and has a bucket capacity of 2 m3. It has a slightly 
larger profile than the EHST-1.5A 
43" 
(1092) f 
26" 
(660) 
1 
61 
48" 61" 72" 7 y 
(1219) <1549> (1828) < ^ 4 ) 
T T • T 
Figure 55. EHST-1.5A. Electric Load Haul Dump Unit (after Atlas Copco). 
Although it is planned to have the one electrically powered machine 
operating in the stope, should the machine suffer a major breakdown, the 
slightly larger ST-2 would be used for the recovery of the faulty machine 
and to operate in the stope. A connection may have to be made from the 
access ramp if there is no current opening into the stope. Also additional 
forced ventilation would be required . Nevertheless, the ST-2 could act as 
a very good standby unit in the stope. Also, where the large tonnages are 
being mined from the cap area, the larger machine or both could be used 
to accelerate production taking into account the short standup times. 
Mine truck A 13 tonne rear dump diesel truck will be used to transport ore 
or waste back to the shaft for hoisting to the surface. As the distance from 
the shaft increases, a second unit may be needed for this purpose in order 
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to maintain the desired flow of ore. W h e n operations are confined to close 
to the bottom of the shaft, clearly the mobile equipment will be limited to 
««
 (23U)
 274" (6960) J 
Figure 56. MT-413 Truck (after Atlas Copco). 
one level operations. The Mt-413 underground truck is shown in Figure 56.. 
Once the decline off the bottom of the shaft has accessed a number of 
different structures, then there can be some interchange of equipment and 
sharing of workshop facilities. 
Jumbo A small profile jumbo (Figure 57) will be used to drill blast holes in 
both the stope and in development. It is electric/hydraulic powered, is low 
profile but is equipped with the C O P 1032 drill which is the most powerful 
machine for such an application. The drill head and boom are configured 
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It is equally applicable for both development and production. 
Ho with cable reet=4250 
Not to 
Figure 57. The Boomer H-104 drilling jumbo (after Atlas Copco). 
In addition to these major items of equipment, McCarthy lists a number of 
items of minor equipment which would be used in a similar operation. 
These, together with their approximate costs are set out in Table 23. This 
'McCarthy, P O P cit p. 92 
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list is not exhaustive but does indicate the requirement for a quantity of 
smaller items which have not been accounted for. 
MINOR EQUIPMENT 
Secondary Fans 
Blasting Machines 
Rock Drills 
Sump Pumps 
Diaphragm Pumps 
A N F O Loader 
Crib Room Equipment 
Mobile Toilets 
First Fill Safety Equipment 
First Aid 
Remote Mucking Controls 
Mines Rescue Equipment 
Total 
$90,000.00 
$1,500.00 
$16,000.00 
$15,400.00 
$4,500.00 
$4,400.00 
$3,000.00 
$30,000.00 
$18,000.00 
$2,400.00 
$80,000.00 
$100,000.00 
$365,200.00 
Table 23 Minor Equipment Items at 1993 prices (after McCarthy) 
Maintenance Facilities The major pieces of capital equipment will remain 
underground all of their working life. They have to be dismantled and 
taken underground and reassembled. This means that the workshop 
facilities must be able to cope with all of the major maintenance of the 
equipment. The logical place for this workshop is close to the bottom of the 
shaft within easy access of the surface as well as the underground 
workings. A suitable opening will be excavated encompassing a work area, 
pit for servicing, overhead crane, stores and fuel facilities. On-going 
servicing of all machines is carried on as part of the normal shift's 
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operations. There is a fitter employed per shift for that purpose as well as 
more major items of maintenance which will occur over the life of the 
equipment. 
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14. PROJECT COSTING AND FINANCIAL ANALYSIS 
In assessing the overall viability of the project, all of the costs associated 
with both the establishment as well as the operations of the mine need to 
be assessed. The capital costs accounting for the setting up of this mine 
are set out in Table 24. These capital costs are for a 100,000 tonnes per 
annum underground operation. 
Shaft (1000 m. @ $14,000/m.) 
Decline off bottom (1000 m. @ $2,500/m.) 
Contract preparation costs (1) 
Ventilation Rise (1000 m. @ $750/m.) 
Levels (500m. @ $1100/m.) 
Headframe and Winder (as per previous section) 
Treatment plant and administration (2) 
Main Fan (1) 
Compressors (2) 
Pumps and piping (1) 
Workshop (2) 
Power Distribution (2) 
Mobile Equipment (as per previous section) 
Minor Equipment (as per previous section) 
Management and Engineering (4%) 
Permitting and Environmental Compliance 
Contingencies (15%) 
TOTAL 
$ 14,000,000.00 
$ 2,500,000.00 
$ 500,000.00 
$ 750,000.00 
$ 550,000.00 
$ 5,500,000.00 
$ 8,000,000.00 
$ 250,000.00 
$ 100,000.00 
$ 1,000,000.00 
$ 100,000.00 
$ 600,000.00 
$ 1,404,000.00 
$ 365,200.00 
$ 1,468,160.00 
$ 3,000,000.00 
$ 6,013,104.00 
$46r100.464.00 
Table 24. Capital Costs.(1) Derived from McCarthy67 (2) Industry cost68 
These costs have been derived from calculations based on McCarthy, P. L. op. cit. 
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The capital cost is a total value of the work that needs to be done before 
the mine can come into production. It does not include the actual unit cost 
of stope preparation prior to mining which needs to be costed on a "per 
stope" basis. The stope development costs are written off against each 
stope. 
The level of contingency has been set at 15%. There is some debate on the 
actual level which needs be used in such calculations. Noakes69 
recommends that this level of contingencies be used. This item covers 
unknown or unforeseen items at the time of the production of the cost 
estimation. There are no contingencies set in Table 25 (mining costs) as 
the contingencies are accounted for in Table 26 (stoping and development 
costs) and would therefore have been counted twice. 
Costs 
The actual mining cost is set out in Table 25. It relates to all of the direct 
costs of wages, consumable and maintenance required to mine out the 
stope. It does not include the stope development or ancillary services. 
These items are set out in Table 26. 
The figures in the following table are derived from data from 
McCarthy70,Hustrulid (ed.)71 and Noakes and Lanz (ed.)72 
68
 These costs which are not directly related to the core of this work are derived from recently constructed 
gold operations of Triad Minerals N.L., Bendigo Mining N.L. and Australian Gold Development N.L. in central 
Victoria and N e w England Antimony Mines at Hillgrove N S W . 
^Noakes, M. "Using this handbook" in Noakes and Lanz op cit p. 6. 
'McCarthy, P. L. OP. cit. pp. 89 - 98. 
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The costings have been updated from these authors to reflect the current 
prices of materials, labour and consumables in the Central Victorian 
environment. It is assumed that the mine is connected to the S E C V power 
grid. The cost of power is 17c/kilowatt hour. Labour is calculated at $200.00 
per shift for miners, with a 2 5 % loading for supervisory staff. Unskilled 
labour is calculated at 6 6 % of the miner's wages. In addition, a loading of 
2 5 % is imposed to cover non wage items such as Worker's Compensation 
insurance, superannuation, holiday and sick leave. This is in line with 
current costings in this State. Diesel fuel is charged at the untaxed rate of 
45 cents per litre. Construction steel is $1,600 per tonne. Drilling 
consumables are as quoted by Goldfields Drilling Supplies. This includes 
replaceable bits, steels and shanks. Tyre costs are calculated from current 
Atlas Copco prices. 
In assessing any of these referenced costs, it is important to compare like 
with like, or at least attempt to compensate for these differences. In this 
section, references have been taken from a number of different sources to 
construct a set of costs which are not just relating to one operation or one 
author. Quoted costs have been confined to : 
• From the same low inflation and cost movement time period, that is 
late 1980's to early 1990's, 
• Arising from similar small to medium type operations, usually gold 
mines, 
• The location of the mines has been in the Eastern States, 
71
 Hustrulid, W.A. (ed.) Underground Mining Methods Handbook. New York: Society of Mining Engineers, 
1982, pp. 523-610. 
72Noakes, M. and Lanz, T. op.cit pp 287 - 300. 
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comparatively close to labour, utilities and transport, 
OPERATION 
Drilling 
Labour 
Consumable 
Maintenance 
Sub-total 
Blasting 
Labour 
Consumables 
Maintenance 
Sub-total 
Mucking 
Labour 
Consumables 
Maintenance 
Sub-total 
Stope Fill 
Labour 
Consumables 
Maintenance 
Sub-total 
Ground Support inc. extension of services 
Labour 
Consumables 
Maintenance 
Sub-total 
Ancillary Operations 
Labour 
Consumables 
Maintenance 
Sub-total 
TOTAL 
COST/STOPE 
$31,250 
$40,800 
$52,500 
$124,550 
$62,000 
$62,400 
$1,000 
$125,400 
$54,560 
$37,357 
$71,456 
$163,373 
$46,652 
$25,000 
$10,000 
$71,662 
$54,870 
$47,000 
$4,800 
$106,670 
$96,228 
$32,076 
$32,076 
$160,380 
$752,035 
COST/TONNE 
$0.97 
$1.27 
1.64 
$3.88 
$1.93 
$1.94 
$0.03 
$3.91 
$1.70 
$1.16 
$2.23 
$5.09 
$1.45 
$0.78 
$0.31 
$2.24 
$1.71 
$1.46 
$0.15 
$3.33 
$3.00 
$1.00 
$1.00 
$5.00 
$23.45 
Table 25. Mining costs. 
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The unit operating cost per stope which includes the individual 
development required for each stope are set out in Table 25. 
Diamond drilling ($2.00/tonne) 
Grade Control ( 3 samplers @ $40,000/yr. + 1000 
samples @ $10/sample) 
Rises ( 5 required X 3 m. @ $370/m.) 
Ramp into stope (210 m. @ $1,100/m.) 
Stope undercut in ore (100m. @ $1,100/m.) 
Stoping (30412 t. @ $23.45/t.) 
Truck loading (32076 t. @ $1.40/t) 
Fill (32076 t. @ $2.00/t) 
Trucking (32076 t. @ $1.80/t) 
Hoisting (32076 t. @ $1.90/t) 
Ventilation, pumping, power and other services* 
Supervision* 
Milling (32076 t. @ $12.00/t)** 
Administration* 
Contingencies (15%) 
TOTAL 
$64,152.00 
$73,333.00 
$5,550.00 
$231,000.00 
$100,000.00 
$713,161.00 
$44,906.00 
$64,152.00 
$57,736.00 
$60,944.00 
$258,333.00 
$100,000.00 
$384,912.00 
$50,000.00 
$331,226.00 
$2,539,405.00 
Table 26 Stope development and ancillary services costs 
* - Adapted from McCarthy73 ** - based on Triad Minerals N.L.74 
The total for each stope is $2,539,405 or for the total production of three 
stopes per year of 96,228 tonnes is $7,618,215. This represents a total 
"McCarthy, P. L. OP. cit. pp.83 - 98 
74
 This is an indicative cost derived from the operation of the Triad Mineral's treatment plant at Maldon, 
Victoria over their operations between 1988 and 1994. 
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The total for each stope is $2,539,405 or for the total production of three 
stopes per year of 96,228 tonnes is $7,618,215. This represents a total 
mining and milling cost excluding capital repayment of $79.16 per tonne. 
Income. 
The only source of income for the mine is from gold sales. While small 
amounts of income can be generated selling by-products such as mullock 
or tailings, these sources are insignificant and will not be taken into account 
in this calculation. 
The income generated from gold sales will be dependent on a number of 
factors. They are: 
• The price of gold in Australian dollars, 
• The number of tonnes of ore treated, 
• The grade of the material processed, 
• The amount of gold recovered from the ore by the mill. 
Initially, this operation was designed around three stopes per year of 32,076 
tonnes per stope or 96,228 per annum. A realistic mill recovery in a Carbon 
In Pulp treatment plant is 90%. The price of gold in February 1994 was 
A$17.50 per gram. 
Therefore a break even grade to cover the $79.16 per tonne of ore mined 
74
 This is an indicative cost derived from the operation of the Triad Mineral's treatment plant at Maldon, 
Victoria over their operations between 1988 and 1994. 
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from the stope would be 4.52 grams per tonne. 
Net Present Value 
To assess the financial viability of the project, a Net Present Value (NPV) 
calculation must be made. The N P V considers the return on the investment 
in todays dollars over the life of the mine. 
The important considerations in this evaluation are the life of the mine and 
the discount rate. In the following example a discount rate of 1 2 % is used. 
The calculation of the discount rate is most important in evaluating the 
project. Gentry and O'Neil75 suggest that the determination of the discount 
rate is based on four different factors: 
1. Base opportunity cost. This is the return that has been foregone by 
making this particular investment. In this case, a long term bond rate of 6 % 
is used. An investor could put the investment in the long term bond market 
and have a guaranteed return of 6 % on the money invested. 
2. The transaction cost. The cost of investing and transacting any 
investment needs to be reflected by part of the return. Public share market 
flotation costs between 1 % and 5 % of the monies attracted. A relatively 
small 0.5% has been allocated in this case as it is assumed that the project 
is being undertaken by an established and producing mining house. 
Gentry, G.W. and 0;Neil, T.J. Mine Investment analysis New York: Society of Mining Engineers, 1984, 
pp 323-325. 
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3. Increment for inflation. The value of any investment over a period of 
time where the value of the money itself is diminishing through inflation 
needs to be offset by the return on that investment. Therefore the discount 
rate needs to reflect in part, the rate of inflation. A s the rate of inflation is 
also reflected in part by the bond rate, a discounted figure for the inflation 
is included in the discount rate for this project. 1.5% or half the current 
inflation rate is used in this calculation. The long term inflation rate cannot 
be realistically taken into account over the life of the project because it is 
not possible to predict what that inflation rate will be in the future. The 
decision to invest can only be on the basis of information available at the 
time of investment. Further the decision is m a d e for an investment at the 
present time controlled by the current parameters including inflation (or the 
varying price of gold for that matter). 
4.lncrement for risk. Even with the highest standard of professional 
management it is possible for projects to fail or not meet the investors 
expectations. In mining, particularly underground mining, there is a higher 
element of risk than what there m a y be in other industries, particularly those 
driven by consumer consumption such as the food or clothing industries. 
The accepted difficulty in establishing an increment for risk is that by 
prescribing a very high risk rate, the overall cash flow becomes unattainable 
and for that criterion itself, the project must fail. Therefore the risk rate 
cannot be unrealistically high. A rate for risk in this project is put at 4 % . 
Therefore in this example the overall discount rate selected is 12%. 
The difficulty in estimating the discount rate is routinely faced by mining 
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investors. O n e rule of thumb which is applied to projects in Victoria is to 
equate the discount rate with twice the bond rate. With a bond rate of 6 % 
at present, this rule of thumb approach is also 1 2 % . This takes into account 
all of the above factors including the inflation rate. 
Table 27 shows the overall cash flow for this project. 
The net present value of this project based on a 12% discount rate is 
$2,089,478. The income is based on 12 grams per tonne head grade with 
a recovery of 9 0 % and a gold price of $17.50 per gram. 
The income remains constant for the life of the project although it is unlikely 
that the price of gold will remain stable over a period of 15 years. It may 
increase or decrease over that period. The unstable price of the metal is 
further complicated by the Australian dollar/US dollar exchange rate. 
The operating costs are based on the previously calculated mining and 
development costs. Other costs are, in this case, an additional $1,000,000 
per annum which is spent on exploration driving. As this is an exploration 
cost, it may be written off in the year in which it is spent. It is designed to 
locate new ore bodies by driving the decline along strike as well as laterally, 
in an effort to locate new ore sources. This would represent 909 metres of 
underground exploration in a three metre by three metre level per annum. 
The continuation of underground exploration at depth both by bulk sampling 
as well as underground drilling would be required to maintain the supply of 
new ore to the mining operations. 
The depreciation of the capital investment is over ten years which is the 
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means that the initial write down for depreciation purposes will only be half 
the overall investment in year 1. No write down is claimed in year 0 
because the initial capital has not depreciated in the first year. The 
depreciation schedule is shown in Appendix 3. 
Working capital for the startup of the mine when there is no income 
generated is the Capital Item in year 2. This is based on 6 month 
operational expenditure. 
The tax rate is calculated on the present corporate rate of 33 cents in the 
dollar of taxable income. The effects of the depreciation of the initial capital 
investment are shown in the income tax paid. It rises after year 11 following 
the final write off of the initial capital expenditure. Total Deductions are the 
addition of Losses Brought Forward plus Depreciation. The taxable income 
is found by deducting Total Deductions from Net Income. 
Net Cash Flow is the total cash flow for the project. It includes all 
transactions, both capital and operating cash flows. In year zero and one, 
this figure is negative which accounts for the large capital outlay initially. 
After year one, a positive Net Cash Flow is achieved through the cash flows 
arising from production. 
Internal Rate of Return. 
The internal rate of return for the above cashflows is 12.82%. 
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Sensitivity Analysis 
The sensitivity of a project to such varying parameters as gold prices, 
grades and discount rates will affect the attractiveness of the project to the 
investor. These three items are not the only items from which a sensitivity 
analysis can be performed. For example to vary the overall or annual 
production of the mine, considerations of construction delays, accelerated 
cost increases for wages or consumables all can be considered for such an 
exanimation. However, within a study of this nature some definable limits 
need to be placed and the use of grade, gold price and discount rates were 
chosen because: 
• grade is the most commonly sought after parameter for explorers and 
investors alike in assessing the viability of a discovery or prospect; 
• gold price, like grade, is directly related to the income generated 
from a mining operation. With the marked changes to the gold price 
over the past fifteen years, the economics of a project have varied 
widely and therefore the developer or investor needs to have 
confidence as to the sensitivity of the project to price; 
• the rate of return and particularly the Discount Rate over an extended 
period of time is absolutely critical to the financing of mining projects. 
A gold mining venture will only succeed if there are sufficient funds 
to finance the investment and the investor needs to know that the 
return from a project will pay better than the bond rate, the increment 
for risk and the inflation factor. The sensitivity of a project to an N P V 
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analysis gives the developer the confidence required to make the 
decision whether or not to invest the capital. 
Table 28 shows the sensitivity of the project to changes in these 
parameters. 
Grade 
g/t-
9.00 
10.00 
I LOO 
12.00 
13.00 
9.00 
10.00 
11.00 
12.00 
13.00 
Gold Price; Discount Rate 
$A % 
16.00 
16.00 
16.00 
16.00 
16.00 
•• 
17.00 
17.00 
17.00 
17.00 
17.00 
9.00 
10.00 
11.00 
12.00 
13.00 
18.00 
18.00 
18.00 
18.00 
18.00 
10.00 
10.00 
10.00 
NPV Grade 
! gA. 
($19,123,397), 
($12,028,839) 
($5,459,100); 
10.00 $758,436 
10.00: $6,975,927 
I0.00J ($15,064,655) 
I0.00; ($7,790,676) 
10.00 ($1,184,544) 
10.00; $5,421,588 
10.00, $12,027,720 
9.00 
10.00 
11.00 
12.00 
13.00 
9.00 
10.00 
11.00 
12.00 
13.00 
Gold Pricei Discount Rate NPV 
$A % 
16.001 . 
16.00; 
16.00 
16.00! 
16.00: 
17.00 
17.00 
17.00 
17.00! 
17.00; 
i 
10.00, ($11,161,463) 
10.00 ($3,904,716) 
10.00. $3,090,012 
10.00 $10,084,740 
10.00, $17,079,468 
9.00 
10.00 
11.00 
12.00 
13.00 
18.00 
18.00 
18.00 
18.00 
18.00 
2.00; ($21,735,246) 
2.00 ($15,417,131) 
2.00 ($9,585,960) 
2.00! ($4,091,636) 
2.00 $1,402,688 
* 
2.00i ($18,122,780) 
2.00 ($11,646,332) 
2.00 ($5,808,612); 
2.00 
2.00 
$29,107 
$5,866,826 : 
2.00; ($14,644,089) 
2.00 ($8,212,379) 
2.00: ($2,031,264) 
2.00; $4,149,850 
2.00; $10,330,964 
Grade! Gold Price Discount Rate; NPV 
gA.; 
9.00 
10.00 
11.00 
12.00 
13.00 
Too" 
10.00 
11.00 
12.00; 
13.00 
$A 
16.00 
16.00 
16.00 
16.00 
16.00 
l 7 7 o o " 
17.00 
17.00 
17.00 
17.00 
% 
14.00 ($23,884,689) 
14.00 ($18,220,739) 
14.00 ($13,010,254) 
14.00 ($8,122,211) 
14.00 ($3,234,167) 
14.00 ($20,648,230) 
14.00 ($14,843,370) 
14.00 ($9,649,724) 
14.00 ($4,456,178) 
14.00 $737,368 
9.00 
10.00 
11.00 
12.00 
13.00 
18.00 
18.00: 
18.00 
18.00 
18.00 
14.00 ($17,527,170) 
14.00 ($11,788,243) 
14.00 ($6,289,194) 
14.00 ($790,145) 
14.00 $4,708,904 
Table 28 Gold price, grade and discount rate effects on the NPV. 
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The complete calculations sheets from which Table 28 was taken are 
contained in Appendix 2. 
In broad terms, changes in all of the parameters will affect the viability of 
the project. The effect on the N P V of changes to the discount rate are more 
significant where the magnitude of the cash flow is higher, that is in high 
grade and gold price situations. 
The project is most sensitive to grade and gold price variations. A one 
dollar per gram variation in the price of gold can lead to changes of over 
$7,000,000 in the NPV. Similarly, small changes to the grade will have an 
equally dramatic effect. 
A decision to invest in such a project, particularly over such a period of time 
would need to take account of this sensitivity. 
The historical grade for this section of the Bendigo goldfield is 14.5 grams 
per tonne. O n the basis of historical grade, the investor should be able to 
realise a return well in excess of the figures contained in Table 28 at the 
present price of gold. 
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15 CONCLUSION 
It has been the objective of this work to provide a mechanised method of 
mining the typical structures which are found on the Bendigo goldfield. 
Bendigo was an extremely productive goldfield from the middle of the 
nineteenth century until 1954 when company mining ceased on the field. 
Over 22,000,000 ounces of gold was won from the field. 
It was necessary to examine both the historical plans of many of the mines 
as well as more recent geological interpretations to understand the 
characteristics of these ore bodies. While there is a widespread 
understanding of the "Bendigo saddle" formation, there is a paucity of 
perception as to the actual structures which are going to be encountered by 
any underground operator. The ore bodies are saddle reefs, two legs or 
limbs projecting downward from the anticline along the Eastern and 
Western bedding planes, neck structures extending upward from the saddle 
reef and there are spur structures emanating from the limb structures and 
into the footwall. Any of these formations may carry payable quantities of 
gold. However it is unusual that these ore bodies all carry gold in the same 
anticlinal structure. In addition, the grades of gold within the one formation 
may vary markedly. 
The shape and size of the structures may also vary greatly. The width of 
quartz may increase from a few centimetres on the leg to many metres in 
the cap and neck of the saddles. Spur zones may be up to 30 metres in 
height and 20 metres in width. 
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The pitch of the saddles may vary from flat to 60°, pitching either North or 
South. 
The mineralisation will extend along the strike of the formation. In some 
cases, this has been worked in the past for over 3000 metres. However 
within the formation, there will be higher grade shoots of gold. 
The central part of the field was the most productive and it is from below 
that area that there is likely to be un-mined quartz reef structures. There 
has been a great deal of mining in that area on the upper levels and the 
target depth for new workings is likely to be deeper than 1000 metres. 
The most cost effective method of gaining access to that area is through a 
new shaft sunk to 1000 metres. A decline off the bottom of the shaft will 
allow mobility for rubber tyred equipment to access and work the ore bodies 
in that area. Such ore may be below that horizon or in one of the number 
of parallel anticlinal structures which occur at that depth. 
Two recent proposals for the mechanisation of stoping on the Bendigo field 
have been critically examined. The mining methods were examined in the 
light of the understanding of the ore bodies on the field. Both proposals 
suffer from excessive development in relation to the amount of ore that may 
be mined from the stopes. 
A number of different mechanised mining systems were examined with 
reference to their applicability in the Bendigo situation. For a number of 
technical reasons, most were considered as inappropriate. These reasons 
included the excessive amount of development compared to the quantity 
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of ore recovered, the inability of the system to accommodate the physical 
dimensions of the Bendigo ore bodies or the high production costs. 
Mechanised cut and fill stoping fitted most of the requirements of a mining 
method in this situation. It is a medium cost method which is suited to 
almost any size or shape of ore deposit. 
The availability of drilling, mucking and hauling equipment for operations 
in narrow vein mines are considered. A number of companies produce 
equipment which is suitable for operations in stopes less than two metres 
in width. 
The report outlines an overall mining plan and includes the scheduling of 
the development necessary for the proposal. 
A financial analysis of the proposal was carried out. Capital costs involved 
in gaining access to the 1000 metre horizon were estimated. Unit and stope 
costs were estimated. From these figures, an overall project assessment 
was made. 
The viability of the project was tested using Net Present Value methods. A 
sensitivity analysis was performed on the project cash flows considering 
changes in the parameters of grade, gold price and discount rate. 
On a gold price of $17.50 per gram and at a discount rate of 12%, a grade 
of 11.7 grams per tonne is required to make the project a financial success. 
The effect of changes to these variables alters the viability of the project, 
particularly the price of gold and the grade. 
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This project would clearly be described as high risk. The technical 
complexities associated with producing ore from narrow veins at the depth 
envisaged should not be under-estimated. 
It has been demonstrated that a real possibility exists for mining the spur 
zones using a bulk mining method. A substantial cost saving would be 
enjoyed if a zone would be identified and mined as a large single tonnage. 
These orebodies are not c o m m o n on the field and it is more likely that the 
typical cap and leg structure will be encountered and mined. 
The Internal Rate of Return generated from this project is a little over 12%. 
This is quite modest considering the difficulties which are associated with 
the operation. 
The greatest problem faced by the developer is to have the confidence to 
embark upon the project in the first place. 
Exploration will be limited in the Central part of the field because of the 
residential and commercial land use on the surface. Certainly it would be 
most difficult to embark upon an intensive exploration program. 
By understanding the control mechanisms of dome structure and faulting, 
some exploratory drilling is possible in the more likely areas. 
However, the decision to go underground will depend on the confidence 
of the developer. If only limited exploration opportunities are available, this 
decision is likely to be based on incomplete information. The very act of 
accessing the potential ore zone by going underground involves a 
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substantial amount of the capital expenditure involved in the whole project. 
Technological advances in exploration techniques may assist in expanding 
the confidence of the investor. For example wedging off a number of 
separate exploratory drill holes from the one hole at the surface would 
provide additional geological information when the surface access is 
limited. 
If a reasonable tonnage of ore can be outlined from the surface and the 
project developer is sufficiently confident to expend the capital involved, the 
program is structured to make every effort to prove up additional ore 
reserves from underground as part of the overall integrated exploration and 
mining program. 
Certainly the historical grade for that part of the field is very attractive. The 
understanding of the geological structure and the previous production will 
all aid the confidence of the investor. 
While it has been noted that the winning of ore from the depths envisaged 
has some technical difficulties, it is well within the grasp of the mining 
industry at this stage in its development. Cut and fill mechanised mining is 
not a new practice. It has been successfully used, in various forms, for half 
a century in places. It has been altered and refined in line with technological 
changes.The application of the method to the Bendigo orebodies would just 
be a part of that evolution and change. 
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APPENDIX 1 
The Bendigo Goldfields Database 
In the table, the following abbreviations are used to define the location of the mine: 21 Southern, 22 Central 
or 23 Northern part of the field. The Reefs are as follows: 1 Garden Gully, 2 New Chum, 3 Hustlers', 4 
Sheepshead, 5 Deborah, 6 Carsharlton, 7 Nell Gwynne, 8 Lancashire, 9 Napoleon, 10 British and Foreign, 
11 Thistle, 12 Christmas, 13 Paddy's Gully or 14 other. 
Name of Mine 
Garden Gully United 
Kent 
Johnsons No.2 
Catherine United 
Whip and Jersey 
Great Extended Hustlers 
New Red White and Blue 
Cons. 
South New Moon 
New Moon 
Carlisle United 
Hercules 
Hustlers Reef 
Virginia 
Victoria Quartz 
Kochs Pioneer 
Great Northern 
Hercules and Energetic 
United Hustlers and 
Redan 
North Deborah 
Latham and Watson 
Shenandoar 
New Chum Railway 
Reef 
1 
1 
1 
2 
8 
3 
4 
1 
1 
1 
4 
3 
1 
2 
1 
1 
2 
3 
5 
3 
2 
2 
Loc. 
22 
22 
23 
23 
22 
22 
21 
23 
23 
22 
22 
22 
23 
22 
22 
23 
22 
22 
21 
22 
22 
21 
Ore (t) 
562,961 
768,104 
755,271 
457,342 
635,000 
507,177 
554,014 
593,257 
228,846 
221,423 
589,378 
167,634 
457,255 
259,493 
379,980 
174,915 
202,683 
160,306 
199,280 
Gold 
(kgs) 
13,819 
10,855 
10,215 
9,890 
9,055 
8,646 
8,327 
8,008 
7,370 
5,503 
5,382 
5,287 
4,724 
4,696 
4,237 
4,183 
4,131 
4,088 
3,984 
3,839 
3,649 
3,499 
Depth 
(m) 
890 
103 
914^ 
704 
408 
1,054 
735 
602 
729 
1,042 
724 
672 
814 
1,402 
823 
807 
898 
556 
380 
228 
945 
1,312 
Prod'n vs 
Depth 
(kgs/m) 
15.53 
105.00 
11.18 
14.05 
22.00 
8.20 
11.32 
13.31 
10.11 
5.28 
7.43 
7.87 
5.80 
3.35 
5.14 
5.18 
4.60 
7.35 
10.48 
16.84 
3.86 
2.67 
Grade 
24.55 
13.30 
13.09 
18.90 
13.11 
15.79 
13.30 
9.28 
23.52 
23.88 
8.01 
28.01 
9.27 
16.12 
10.87 
23.37 
19.65 
22.76 
17.56 
204 
LansellsBig 180 
Great Southern 
United Devonshire 
St. Mungo 
Princess Dagmar 
Great Extended Hustlers 
Tribute 
New Chum Consolidated 
Clarence 
New Chum Victoria 
Central Red White and 
Blue 
Constellation 
New Argus 
Lazarus 
New Chum United 
Hustlers Extended 
Freehold 
Victory and Pandora 
Ulster United 
North Johnsons 
Lansells 222 
Lady Barkly 
North Red White and 
Blue 
Little 180 
Specimen Hill 
Collmann and Tacchi 
New Prince of Wales 
Unity 
Central Nell Gwynne 
Golden Pyke 
South Red White and 
Blue 
2 
1 
2 
2 
1 
3 
2 
1 
2 
4 
1 
1 
2 
2 
3 
1 
1 
1 
2 
2 
4 
4 
1 
13 
6 
1 
7 
1 
4 
22 
21 
23 
23 
23 
22 
22 
23 
22 
22 
23 
23 
22 
22 
22 
22 
22 
23 
22 
23 
21 
22 
23 
23 
23 
22 
22 
23 
21 
102,731 
24,070 
122,895 
349,414 
175,750 
31,909 
149,926 
210,634 
176,428 
282,108 
90,791 
166,991 
136,671 
155,164 
31,406 
104,448 
97,297 
82,083 
199,828 
212,632 
198,597 
177,198 
127,640 
164,363 
208,408 
154,439 
88,897 
102,230 
3,469 
3,221 
3,142 
3,008 
2,986 
2,892 
2,811 
2,718 
2,611 
2,591 
2,579 
2,537 
2,524 
2,448 
2,373 
2,333 
2,333 
2,261 
2,177 
2,123 
2,115 
2,097 
2,058 
1,999 
1,970 
1,966 
1,925 
1,872 
1,782 
930 
826 
694 
699 
912 
599 
1,090 
995 
1,081 
668 
646 
725 
1,109 
878 
110 
868 
621 
1,057 
647 
410 
586 
358 
710 
275 
834 
581 
466 
645 
3.73 
3.90 
4.53 
4.30 
3.28 
4.83 
2.58 
2.73 
2.42 
3.88 
3.99 
3.50 
2.28 
2.79 
21.51 
2.69 
3.75 
2.14 
3.36 
5.18 
3.61 
5.86 
2.90 
7.17 
2.36 
3.31 
4.02 
2.76 
33.77 
133.83 
25.57 
8.61 
16.99 
90.64 
18.75 
12.91 
14.80 
9.18 
28.41 
15.19 
18.46 
15.78 
75.56 
22.33 
23.97 
27.54 
10.63 
9.95 
10.56 
11.62 
15.66 
11.98 
9.43 
12.46 
21.06 
17.43 
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Comet 
Cornish United 
Ironbark 
Ellenborough 
Old Chum 
Victoria Consuls 
Big Deborah 
North Old Chum 
Anglo German 
Duchess of Edinburgh 
Pearl 
East Pearl 
Belmont and Saxby 
Ironbark 
Needle 
Rose of Denmark 
Sandowa 
Windmill Hill 
South St. Mungo 
Victoria Proprietary No.2 
New Chum Bellevue 
South Devonshire 
Cinderella 
North Confidence 
Fortuna Hustlers 
New Chum Goldfield 
Suffolk United 
Birds Reef 
Great Central Victoria 
Sea 
Garibaldi 
Golden Age 
3 
1 
2 
2 
2 
2 
5 
2 
1 
2 
2 
4 
2 
4 
13 
1 
2 
1 
2 
7 
2 
2 
1 
1 
3 
7 
1 
14 
2 
1 
2 
1 
22 
22 
22 
23 
22 
22 
21 
22 
23 
23 
22 
22 
23 
22 
22 
23 
23 
22 
23 
21 
21 
23 
22 
23 
22 
21 
23 
22 
22 
22 
22 
23 
159,007 
129,557 
162,268 
76,355 
67,929 
180,481 
144,471 
76,527 
96,577 
67,772 
126,654 
63,826 
119,248 
106,828 
104,638 
130,449 
89,406 
61,573 
127,848 
75,941 
101,255 
68,886 
64,218 
71,215 
1,756 
1,694 
1,683 
1,679 
1,665 
1,635 
1,615 
1,555 
1,555 
1,554 
1,515 
1,515 
1,513 
1,512 
1,456 
1,415 
1,403 
1,367 
1,343 
1,306 
1,286 
1,259 
1,244 
1,244 
1,218 
1,199 
1,191 
1,168 
1,151 
1,089 
1,086 
1,036 
638 
842 
978 
638 
814 
948 
613 
702 
120 
252 
495 
328 
570 
471 
738 
395 
844 
668 
360 
646 
416 
395 
681 
365 
569 
167 
755 
672 
887 
772 
2.75 
2.01 
1.72 
2.63 
2.04 
1.72 
2.64 
2.22 
12.92 
6.16 
3.06 
4.62 
2.65 
3.21 
1.97 
3.55 
1.62 
2.01 
3.63 
1.99 
3.02 
3.15 
1.79 
3.29 
2.09 
6.99 
1.52 
1.62 
1.22 
1.34 
11.04 
13.08 
10.37 
21.99 
24.50 
9.06 
11.18 
20.32 
15.68 
22.32 
11.94 
22.18 
11.77 
12.80 
12.83 
10.01 
14.08 
19.79 
9.38 
15.69 
11.53 
15.80 
16.92 
14.55 
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South Bellevue 
New Golden Fleece 
Great Britain 
Central Deborah 
Eureka Extended 
North Garden Gully 
United 
Old Comet 
Duchess Tribute 
North Shenandoar 
North New Moon 
Shamrock 
South Ironbark 
Old Sth. Garden Gully 
Honvoods 
New St. Mungo 
Ellesmere 
Williams United 
York and Durham 
North Bendigo 
Johnsons Extended 
Young Chum 
Don 
Great Extended Victoria 
Londonderry 
New Catherine Victoria 
Golden Stream 
Arcadia 
Nell Gwynne 
Bendigo and Melbourne 
Phoenix 
Confidence 
2 
6 
8 
5 
2 
1 
3 
2 
2 
1 
2 
4 
1 
1 
2 
2 
2 
2 
7 
I 
2 
11 
2 
1 
2 
1 
2 
7 
14 
2 
1 
21 
21 
22 
22 
21 
22 
22 
23 
22 
23 
22 
22 
22 
22 
23 
22 
23 
23 
21 
23 
22 
22 
23 
22 
23 
22 
23 
21 
22 
23 
22 
47,440 
64,989 
46,123 
14,052 
50,876 
100,772 
51,367 
104,290 
989 
971 
922 
916 
898 
894 
890 
872 
840 
831 
822 
783 
757 
757 
741 
727 
727 
726 
674 
643 
622 
608 
566 
529 
448 
402 
390 
388 
373 
373 
372 
690 
413 
409 
927 
308 
425 
944 
340 
881 
647 
668 
273 
699 
547 
359 
585 
447 
107 
501 
881 
501 
369 
316 
570 
847 
1.43 
2.23 
2.24 
0.97 
2.83 
1.95 
0.87 
2.30 
0.86 
1.17 
1.11 
2.66 
1.04 
1.33 
1.87 
1.10 
1.39 
5.66 
1.13 
0.60 
0.89 
1.06 
1.23 
0.65 
0.44 
20.47 
14.10 
19.48 
63.60 
16.51 
6.69 
7.55 
3.57 
207 
South Virginia 
Eastwood 
New Chum Syncline 
Goldfields Consolidated 
K.K. 
Unicorn 
Glascow 
Humbolt 
Adventure 
La Belle 
New Red White and Blue 
Freehold 
Princess Alice 
North Argus 
Golden Fleece 
Hustlers Roval Reserve 
No.2 
Langdon 
Phoenix 
Hustlers Roval Reserve 
Park 
Hopewell 
Central Concord 
True Blue 
Monument Hill 
Sheepshead 
Duke of Edinburgh 
Albion 
North Goldfields 
South Deborah 
perseverance 
Opossum 
Rainbow 
13 
2 
7 
7 
3 
2 
9 
2 
2 
2 
4 
2 
1 
1 
3 
11 
4 
3 
2 
7 
4 
5 
4 
2 
4 
7 
5 
1 
12 
1 
23 
23 
22 
21 
22 
23 
21 
22 
22 
23 
21 
23 
23 
22 
22 
21 
21 
22 
23 
21 
21 
22 
22 
23 
21 
21 
21 
22 
21 
22 
36,571 
35,897 
9,474 
360 
335 
308 
304 
296 
292 
280 
262 
262 
231 
226 
212 
210 
193 
172 
171 
166 
147 
127 
126 
121 
119 
115 
115 
108 
102 
94 
75 
73 
66 
170 
466 
486 
596 
395 
334 
620 
504 
149 
167 
539 
201 
316 
494 
369 
266 
535 
131 
254 
365 
173 
2.12 
0.66 
0.62 
0.50 
0.74 
0.68 
0.34 
0.34 
1.15 
0.99 
0.27 
0.64 
0.40 
0.25 
0.32 
0.43 
0.22 
0.83 
0.40 
0.26 
0.42 
8.30 
3.32 
9.97 
208 
Rose of England 
Moon Consolidated 
Napoleon 
North Hercules and 
Energetic 
New Carsharlton B M L 
New Prince of Wales No. 1 
New Prince of Wales No.2 
North Prince of Wales 
Bullion 
Railway Prince of Wales 
South Prince of Wales 
Consolidated 
South Price of Wales 
Morning Light 
Hansel Mundy 
Forbes Carsharlton 
New Carsharlton 
New Franklin 
Crown Price of Wales 
New Carsharlton 
Royal George 
Brilliant Star 
White Star 
Princess Amv 
North Langdon 
Golden Carsharlton 
South New Chum 
North Sheepshead 
Delbridge 
Herbel 
Golden Fleece Extended 
Red White and Blue 
United 
5 
1 
9 
2 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
2 
6 
6 
6 
6 
6 
6 
11 
6 
6 
4 
6 
6 
4 
21 
23 
22 
22 
21 
23 
23 
23 
21 
23 
23 
23 
21 
21 
21 
23 
23 
23 
21 
21 
21 
21 
23 
21 
21 
21 
22 
21 
21 
22 
1,800 
20,000 
1,265 
59 
58 
47 
40 
32 
29 
28 
27 
25 
20 
20 
20 
19 
19 
16 
15 
14 
12 
12 
9 
9 
9 
9 
7 
7 
7 
6 
4 
3 
1 
304 
304 
328 
397 
552 
1,407 
304 
213 
134 
124 
575 
0.19 
0.19 
0.14 
0.10 
0.04 
0.01 
0.06 
0.07 
0.05 
0.05 
25.92 
0.95 
5.68 
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North Don 
Great Eastern 
Black Forrest 
Extended Golden Pike 
Stafford 
East Collman and Tacchi 
South New Chum 
American 
New Nell Gwynne 
Great Southern No.2 
Pinnacle 
Railway Red White and 
Blue 
Excelsior 
Lancashire 
Virginia and Seciimen 
Hill 
Albion 
Clansmen 
Shellback 
Hustlers Consols 
Old Williams United 
Thistle 
Duke of Cornwall 
Denmark 
W h o Can Tell 
South New Chum 
Nell Gwynne B M L 
Stanfield 
New Golden Fleece 
Tambour Major 
Great Southern Extended 
Victoria Proprietary No. I 
11 
14 
3 
1 
9 
13 
7 
13 
7 
1 
5 
4 
4 
8 
1 
14 
9 
13 
3 
2 
11 
12 
12 
12 
10 
7 
4 
9 
12 
1 
7 
22 
22 
23 
23 
21 
23 
21 
22 
22 
21 
22 
21 
21 
22 
23 
22 
21 
23 
23 
23 
21 
22 
22 
22 
21 
21 
22 
21 
21 
21 
21 
67 
322 
140 
143 
137 
237 
245 
371 
122 
225 
145 
127 
220 
146 
273 
499 
507 
263 
261 
257 
257 
257 
137 
270 
134 
234 
257 
534 
560 
210 
New Red White and Blue 
No.3 
Great Extended Hercules 
North Virginia 
North W h o Can Tell 
Eureka 
Princess Alexandria 
Old Great Southern No.2 
South New Chum 
South Old Chum 
Deborah Consolidated 
West Langdon 
Imperial Hustlers 
Deborah Associated 
Old Great Southern No.2 
North Hustlers 
Ashley 
South Ethrington 
South Langdon 
South Lancashire 
New Christmas 
Duke of Manchester 
Central Napoleon 
New Hustlers 
Central Goldfields 
Catherine Extended 
Clark 
Caslevs Red White and 
Blue 
McBeth 
McDuff 
Railway Reserve 
4 
2 
13 
12 
2 
2 
1 
2 
2 
5 
12 
3 
5 
1 
3 
5 
9 
11 
8 
12 
4 
9 
3 
7 
2 
13 
4 
1 
1 
14 
21 
22 
23 
22 
21 
23 
21 
21 
22 
21 
21 
22 
21 
21 
23 
22 
21 
21 
22 
21 
21 
22 
23 
21 
23 
23 
21 
23 
23 
22 
562 
474 
149 
257 
608 
614 
115 
63 
79 
58 
58 
90 
64 
88 
91 
61 
61 
61 
61 
41 
49 
61 
46 
63 
182 
204 
161 
160 
182 
182 
211 
Old Central Red White 
and Blue 
New Moon South 
Little Italy 
Victory 
East South Moon 
Empire 
Old Golden Fleece 
South Concord 
Adelaide Moon 
Hustlers Railway Reserve 
King of Prussia 
Goldfields Extended 
Burrows 
Great Southern Garden 
Gully 
Coyle and Boyle 
Alabama 
Northern Block 
Cosmopolitan 
Hustlers Champion 
East New Moon 
Johnsons No.l 
North Hercules and 
Energetic 
Liverpool 
Robin Hood 
Pomponia 
Murchison 
New Chum Goldfields 
Old Union Company 
Wheat Owl 
West End 
4 
1 
5 
1 
13 
9 
9 
7 
1 
3 
3 
7 
1 
1 
1 
3 
1 
1 
3 
13 
1 
4 
1 
1 
9 
2 
2 
4 
4 
2 
21 
23 
21 
22 
23 
22 
21 
21 
23 
22 
23 
21 
22 
21 
21 
22 
23 
22 
22 
23 
23 
22 
22 
23 
22 
23 
21 
21 
22 
22 
204 
213 
65 
834 
64 
66 
155 
158 
182 
158 
102 
193 
655 
122 
122 
91 
91 
216 
91 
115 
747 
395 
114 
125 
122 
703 
365 
91 
188 
109 
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Southern Goldfields 
Garden Gully Consuls 
East Garden Gully 
Kent 
Yorkshire Red White and 
Blue 
South Goldfields 
Lady Darling 
Bendigo Moon 
Lansells Fortuna 
Bendigo Goldfields 
Proprietary 
British New Chum 
Goldfields United 
Hibernia 
Half Moon 
Surprise 
Golden Belt 
General Havelock 
Saxon and Celt 
South Albion 
Prince of Wales 
Craven 
Young Victoria 
Roval Standard 
Christmas 
Union Jack 
London Christmas 
Watson 
Railway Goldfields 
Cemetery Reserve 
Palmerston 
Brilliant Garden Gully 
2 
1 
13 
1 
4 
7 
3 
1 
2 
9 
10 
7 
3 
1 
2 
3 
13 
2 
4 
2 
2 
2 
1 
12 
9 
12 
13 
7 
3 
3 
1 
21 
21 
22 
22 
21 
21 
22 
23 
22 
21 
21 
21 
22 
23 
23 
23 
22 
23 
21 
23 
22 
23 
22 
21 
21 
21 
22 
21 
21 
21 
22 
104 
196 
98 
103 
96 
92 
91 
91 
91 
91 
91 
105 
91 
91 
30 
36 
36 
38 
37 
213 
All England 
Gordon 
Altona 
North British 
British and Foreign 
German Arches 
Golconda 
A. 1. Carsharlton 
Beehive 
Prince Consort 
South Golden Hustlers 
Clansman 
Ferntree 
Royal Albert 
North of England 
Grand Junction 
Lady Maud 
Old Chum 
North Ulster 
North Devonshire 
Sheepshead Extended 
Sheepshead Railway 
reserve 
New Victoria St Mungo 
British and American 
East Devonshire 
Buffalo Head 
Garden Gullv No.3 
Austerlitz 
Great Extended Eagle 
Ranzeau 
Royal Bendigo 
5 
1 
9 
10 
10 
9 
9 
6 
3 
3 
3 
6 
13 
5 
1 
3 
12 
2 
1 
2 
4 
4 
2 
2 
2 
9 
1 
9 
4 
2 
7 
22 
22 
21 
21 
21 
21 
21 
21 
22 
23 
21 
21 
22 
22 
22 
22 
21 
22 
22 
23 
22 
21 
23 
22 
23 
21 
22 
22 
22 
23 
21 
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Bell 
South Hustlers 
Wetherall House 
Altona Golden Fleece 
North Monument 
Lancashire 
Monument Extended 
South Golden Carsharlton 
Nova Scotia 
Southern Victoria 
View Hill 
South Altona 
East Windmill 
West United Devonshire 
Royal Oak 
South Victory 
Old Carlisle 
Odd Chum 
Golden Sovereign 
Ladies 
Pioneer 
Mystery 
Passby 
North Britain 
North Whip 
Koh-i-nor 
Moon United 
Albert 
North Hercules 
Ballerstedt No.3 
Queen 
Little Chum 
1 
3 
13 
6 
5 
13 
5 
6 
1 
2 
3 
9 
1 
2 
1 
1 
1 
2 
9 
1 
2 
2 
1 
8 
8 
3 
1 
2 
4 
2 
3 
2 
22 
21 
22 
21 
22 
22 
22 
21 
23 
23 
21 
21 
22 
23 
22 
22 
22 
22 
22 
22 
22 
23 
22 
22 
22 
22 
23 
23 
22 
22 
23 
22 
215 
Fifeshire 
London G G 
New Moon Extended 
North Specimen Hill 
Alexandria 
Arcadian 
Manchester 
Napoleon Reefs 
Iron Duke 
South Londonderry 
South Catherine 
Royal Hustlers 
Old Central Red White 
and Blue X 
Red White and Blue 
Extended 
Quinns Bendigo 
Golden Gully 
Consolidated 
Bullion 
Albert 
South Consolidated 
Midway 
Satellite 
North Sophia and Redan 
Eagle 
Lansells 616 
North Ellesmere 
New Napoleon B M L 
Great Southern South 
Central Windmill 
Western Victoria 
Deborah United 
4 
9 
1 
1 
3 
6 
4 
9 
4 
1 
2 
3 
4 
4 
7 
9 
9 
9 
1 
2 
1 
3 
4 
2 
2 
9 
1 
1 
2 
5 
22 
21 
23 
23 
23 
21 
22 
22 
22 
22 
23 
22 
21 
21 
21 
21 
21 
21 
23 
22 
23 
22 
22 
21 
22 
21 
21 
22 
23 
21 
304 
349 
283 
282 
307 
243 
243 
309 
243 
300 
273 
280 
298 
304 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Central Catherine 
North Shamrock 
Bendigo 
North Nell Gwynne 
All England Eleven 
Ashlev 
Royal Albert 
Non Pariel 
South Imperial 
Ramrod Back 
Garden Gully No.2 
Extended Carsharlton 
Deborah Extended 
Gold Crown 
Hamlet 
South Cornish 
Pluto 
North Rose of Denmark 
South Eagle 
Dublin and Cornwall 
Diamond Hill 
Sterry 
Midas 
West Cornish 
Garden Gully Railway 
Reserve 
South Ulster 
Endeavour 
Old Sea 
Market 
Victoria Pilot 
Possum 
2 
2 
7 
7 
4 
1 
1 
10 
3 
6 
1 
6 
5 
3 
1 
1 
4 
1 
4 
2 
9 
2 
1 
1 
1 
1 
7 
1 
3 
2 
1 
23 
22 
21 
22 
21 
22 
22 
21 
22 
21 
22 
21 
21 
22 
21 
22 
22 
23 
22 
23 
21 
22 
23 
22 
21 
22 
22 
22 
22 
22 
22 
217 
South Whip 
Eclipse 
South Adventure 
8 
3 
2 
22 
22 
22 
218 
APPENDIX 2 
Net Present Value Calculations 
219 
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Depreciation Schedule 
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Year 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1 
Opening 
written down 
value (AS) 
$0.00 
$18,543,680.00 
$35,232,992.00 
$31,524,256.00 
$27,815,520.00 
$24,106,784.00 
$20,398,048.00 
$18,689,312.00 
$14,480,576.00 
$10,271,840.00 
$6,063,104.00 
$1,854,368.00 
$2,000,000.00 
$1,500,000.00 
$100,000.00 
$500,000.00 
Purchases (A$) 
$18,543,680.00 
$18,543,680.00 
$0.00 
$0.00 
$0.00 
$0.00 
$2,000,000.00 
$0.00 
$0.00 
$0.00 
$0.00 
$2,000,000.00 
$0.00 
$0.00 
$0.00 
$0.00 
Depreciation 
claimed (AS) 
$0.00 
$1,854,368.00 
$3,708,736.00 
$3,708,736.00 
$3,708,736.00 
$3,708,736.00 
$3,708,736.00 
$4,208,736.00 
$4,208,736.00 
$4,208,736.00 
$4,208,736.00 
$1,854,368.00 
$500,000.00 
$500,000.00 
$500,000.00 
$500,000.00 
Closing written 
down value(A$) 
$18,543,680.00 
$35,232,992.00 
$31,524,256.00 
$27,815,520.00 
$24,106,784.00 
$20,398,048.00 
$18,689,312.00 
$14,480,576.00 
$10,271,840.00 
$6,063,104.00 
$1,854,368.00 
$0.00 
$1,500,000.00 
$1,000,000.00 
$500,000.00 
$0.00 
Comments 
First half of 
initial capital 
investment in 
the mine 
Second half of 
initial capital 
investment in 
themin 
Purchase of 
new 
underground 
equipment 
Purchase of 
new 
underground 
equipment 
Note that a straight line method of depreciation is used in all calculations 
The scrap or residual value of capital items is considered negligible and is not taken into account in determining 
depreciation in this exercise 
